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AUTHOR'S PREFACE. 


1 mave once more subjected this book to a thorough 
revision, and endeavoured to incorporate in it the results 
of all important recent work in the widening physiological 
field. In so doing, I have tried to keep in mind that the 
book is a student's text-book, and that it is therefore neces- 
sary not to overwhelm its readers with a mass of unnecessary 
detail. The introduction of new matter entails the excision 
of what is antiquated or unnecessary, and so I have been 
able to keep the size of the work pretty much as it was. 
‘The present edition exceeds its predecessor by only fifteen 
pages, and this increase is largely due to the fact that about 
twenty new illustrations have been added. It is impossible 
to enumerate all the changes now introduced, for hardly a 
page has eseaped some alteration. ‘The principal additions 
are, however, as follows: New sections have been intro- 
duced on the significance of Nissl’s granules, on Waller’s 
work on the electrical currents of the eyeball, on Cannon's 
researches in connection with stomach movements, and on 


Waymouth Reid's investigation of the processes of absorp- 


tion. The sections relating to the electric: omens 
of muscle, to the proteids, to 





c++ ve Usuman, F'.R.C.S., in the new 
e cranial nerves. 


W. b. HAl 
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HANDBOOK OF PHYSIOLOGY. 


CHAPTER I. 
INTRODUCTORY, 


Biotosy is the science that treats of living things, and it is 
divided into two main branches, which are called respectively 
Morphology and Physiology. Morphology is the part of the 
science that deals with the form or structure of living things, and 
with the problems of their origin and distribution. Physiology, 
on the other hand, treats of their functions, that is, the manner 
in which their individual parts carry out the processes of life. To 
take an instance: the eye and the liver are two familiar examples 
‘of what are called organs; the anatomist studies the structure of 
these organs, their shape, their size, the tissues of which they are 
composed, their position in the body, and the variations in their 
structure met with in different parts of the animal kingdom. The 
physiologist studies their uses, and seeks to explain how the eye 
fulfils the function of yision, and how the liver forms bile, and 
ministers to the needs of the body in other way 

Each of these two great branches of biological science can be 
farther subdivided according as to whether it deals with the 
animal or the, vegetable kingdom ; thus we get vegetable phy- 
siology and animal physiology. Human Physiolog; r 
important branch of animal physiology, and 
medicine is obviously the portion of the si 
interest him most, In order to understand 
logieal processes it is necessary that th normal 
functions should be learnt first. P 


passed ; it has a most direct and intimate ben 
to the scientific and successful 
be my endeavour throughout tl 


ao 
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point out from time to time the practical relationships between 
physiology and pathology 

Human physiology will be our chief theme, but it is not a por- 
tion of the great science that can be studied independently of its 
other portions, ‘Thus, many of the experiments upon which our 
knowledge of human physiology rests have been performed 
principally on cortain of the lower animals. In order to obtain a 
wide view of vital processes it will be occasionally necessary to go 
still further aficld, and call the science of vegetable physiology to 
our assistance. 

In another sense, human physiology ix in no isolated position. 
{ts study must go hand in hand with the study of anatomy. It 
is impossible to understand how the body or any part of the body 
acts unless we know accurately the structure of the organs und 
consideration, ‘This is especially true for that portion of anatomy 

ch is called Microscopic Anatomy or Histology. Indeed, so 

is the relationship between minute structure and function 

that in this country it is wsual for the teacher of physiology to 

be also the teacher of histology. Another brunch of anatomy, 

namely, Embryology, or the process of growth of the adult from 
the ovum, falls also within the province of the physiologist. 

But physiology is not only intimately related in this way to 
its sister science anatomy, but the sciences of chemistry and 
physics must also be considered. Indeed, physiology has been 
sometimes defined as the application of the laws of chemistry and 
physics to life. ‘That is to say, the same laws that regulate the 
behaviour of the mineral or inorganic world are also to be found 
operating in the region of organic beings. If we wish for an 
example of this we may again go to the eye; the branch of 
physics called optics teaches us, among other things, the manner 
in which images of objects are produced by lenses; these same 
Jaws regulate the formation of the images of external objects upou 
the sensitive layer of the back of the eye by the series of lenses 
in the front of that organ, An example of the application of 
chemical laws to living processes is seen in digestion ; the food 
contains certain chemical substances which are acted on in a 
chemical way by the various digestive juices in order to render 
them of service to the organism. 

‘The question arises, however, is there anything else? Are there 
any other laws than those of physics and chemistry to be reckoned 
with? Is there, for instar such a thing as “vital force"? It 
may be frankly admitted that physiologists at present are not 
able to explain all vital phenomena by the laws of the physical 
world; but as knowledge increases it is more and more abundantly 
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shown that the ‘ition of any special or vital force is un- 
necessary ; and it ld be distinctly recognised that when, in 
futare pages, it is necessary to allude to vital action, it is not 
because we believe in any specific vital energy, but merely because 
the phrase is a convenient one for expressing something that we 
do not fully understand, something that cannot at present be 
brought into line with the physical and chemical forces that 
operate in the inorganic world. 

Tt will be in connection with the nervous xystem that we shall 
principally have recourse to this convenient expression, for it is 
there that we find the greatest difficulty in reconciling the 
phetiomena of life with those of the non-living 

Physiology proper may be conveniently divided into three main 
branches :— 

1. Chemical physiology ; or the application of chemistry to 

living processes, 

2. Physical physiology ; or the application of physies to living 


processes. : 

3- The physiology of the nervous system where the application 

of such laws is at present extremely difticnlt. 

Bat just as there is no hard and fast line between physiology 
and its allies pathology, anatomy, physics, and chemistry, so also 
there is no absolute separation between its three great divisions ; 
physical, chemical, and so-called vital processes have to be con- 
sidered q 

Physiology is « comparatively young science. Though Harvey 
more than three hundred years ago laid t fou dation of our 
science by his discovery of the ci th it is only 


possible. ‘The instrament by which « 
be made is, par excellence, fn 
microscope, and it is the exten 
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relationships between the structures, and thus causing new com- 
binations that if one had waited for Nature herself to produce 
inight have been waited for indefinitely. Anatomy is important, 
but mere anatomy has often led people astray when they have 
tried to reason how an organ works from its structure only. 
Experiment is much more important; that is, one tests one’s 
theories by sceing whether the occurrences actually take place as 
one supposes ; and thus the deductions are confirmed or corrected. 
It is the univenwl use of this method that has made physiology 
what it is. Instead of sitting down and trying to reason out how 
the living machine works, physiologists have actually tried the 
experiment, and so learnt much more than could possibly have 
been gained Ly mere cogitation. Many such experiments involve 
the use of living animals, but the discovery of anwsthetics, which 
renders such experiments painless, has got rid of any objection to 
experiments on the score of pain, 

We most next proceed to an examination of the general struc- 
ture of the body, and an explanation of some of the technical 
terms which will frequently be used hereafter, 

The adult body consists of a great number of different parts ; 
and each part has its own special work todo, Such parts of the 
body are called organs. Each organ does not only its own 
special work but acts in harmony with other organs. ‘This rela- 
tionship between the organs enables us to group them together 
into what are termed systems. Thus, we have the cirewatory 
system, that is, the group of organs (heart, arteries, veins, ete.) 
concerned in the circulation of the blood ; the respiratory aystem, 
that is, the group of organs (air passages, lungs, etc.) concerned in 
the act of breathing ; the digestive system, which deals with the 
digestion of food; the excretory system, with the getting rid of 
waste products; the muscular system, with movement; and the 
skeletal system, with the support of the softer parts of the body. 
Over and above all these is the nervous system (brain, spinal cord, 
nerves), the great master system of the body which presides over, 
controls, and regulates the functions of the other systems. 

If we proceed still farther on our anatomical analysis, and take 
any organ, we see that it consists of various textures, or, as they 
ure called, elementary tissues. Just as one’s garments are 
made up of textures (cloth, lining, buttons, ete.), so each organ is 
composed of corresponding tissues. ‘The elementary tissues come 
under the following four headings -— 

1, Epithelial tissues. 3. Muscular tissues, 
2. Connective tissnes. 4. Nervous tissues, 
Each of these is again divisible into sub-groups, 
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S we continue our anatomical analysis still further, we 
find the individual tissues ure built up of structures which 
require the microscope for their accurate study. Just as the 
textures of a garment are made up of threads of various kinds, so 
also in at the animal tissues we find threads or fibres, as 
they are called. But more important than the threads are little 
masses of living material. Just as the wall of « house is made up 
of bricks united by coment, #0 the body walls are built of 
‘extremely minute living bricks, united together by different 
amounts of cementing material. Each one of these living units 
in called « cell. 

Some of the tissues already enumerated consist of cells with only 
very little cement material binding 
them together; this, for instance, ix 
seen in the epithelial tissues ; but in 
other tissues, particularly the connec- 


tive tissnes which are not so eminently Space con 
living as,the rest, the amount of cement. Hqulde 

or intercellular material is much 

greater, and in this it is that the fibres | —Protoplann, 


‘are developed that confer the necessary 
strength upon these binding tissues. 

If, instead of going to the adult 
animal, we look at the animal in its 
earliest stage of development, the me Coll-wall, 
ovum, we find that it consists of a 
single little mass of living material, 
a single cell. As development pro- 

it becomes an adherent mass of 

cells, In tho later stages of develop- Fig, 1.—Vegetablo cells, 
ment various tissues become differen- 
tiated from each other by the cells becoming grouped in 
different ways, by alterations in the shape of the cells, by 
deposition of intercellular matter between the cells, and by 
chemieal changes in the living matter of the cells themselves. 
Thus in some situations the cclls are grouped into the various 
epithelial linings; in others the cells become elongated and 
form muscular fibres; and in others, as in the connective 
tissues, there is a preponderating amount of intercellular mate- 
rial which may become permeated with fibres, or be the seat 
‘of the deposition of calcareous salts, as in bone. Instances 
of chemical changes in the cells themselves are seen on the 
surface of the body where the superficial layers of the epidermis 
become horny; in the mucous glands, where they become filled 
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with mucin, and in adipose tissue, where they become charged 
with fat. 

The term cell was first used by botanists ; in the popular sense 
of the word a cell is a space surrounded by a wall, as the cell 
of a prison, or the cell of a honeycomb. 
In the vegetable cell there is a wall 
made of the starch-like material called 
cellulose, within this is the living 
matter, and a number of lange spaces 
or vacuoles filled with a watery fluid, 
The axe of the term cell by botanists 
wax therefore completely justified. 

But the animal cell is different ; ax 
a rele, it has no cellewall, and no 
vacuoles. It is just a little nuked 
jump of living material. This living 
material is jelly-like in consistene: 
possessing the power of moverent, and 
mes Persie! Leoitiog the name protoplasm has been be- 

A ay stowed on it. 

Somewhere in the protoplasm of all 
cells, generally near the middle in animal cells, is a roundish 
structure of more solid consistency than the rest of the proto- 
plasm, called the nucleus. 

‘An animal cell may therefore be defined as a mass of protoplasm 
containing a nucleus, 

The simplest animals, like the amazbie, consist of one cell only ; * 


Fig. 4.—Cills of the part plant in pro 


Fig. 3.—Amontun ; unicellular animals, ‘oes of budding; unioelltlar 
Mante 











the simplest plants, like bacteria, toruli, ete., consist of onie cell 
only. 

Such organisms are called unicellular. In the progress of their 
life history the cell divides into two; and the two new cells 
separate and become independent organisms, to repeat the process 
later on. 
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In the case of the higher animals and plants, they are always 
unicellular to start with, but on dividing and subdividing the 
resulting cells stick together and subsequently become differen- 
tinted and altered in the manner already indicated. In spite 
of these changes, the variety of which produces the great com- 
plexity of the adult organism, there are certain cells which still 
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eee creat ee 
retain their primitive structure; notable among these are the 
white corpuscles of the blood. = 

Tt would appear at first sight an easy problem to distinguish 
hetweon a living thing, and one which is not living. The principal 
signs of life are the following -— 

1, Power of movement; this is seen in ameboil movement, 
ciliary movement, muscular movement, ete. 

2. Power of assimilation, that is, ability to convert into proto- 
plasin the nutriment material or food which is ingested. 

3. Power of growth; this is a natural consequence of the 
power of assimilation. 

4. Power of reproduction ; this is a variety of growth. 

5. Power to excrete ; to give out waste materials, the products 
of other activities. 

It should, however, be recognised that certain of these five 
characteristics may be absent or latent, and yet the object may 
he living. For instance, power of movement is absent in many 
vegetable structures ; certain seeds and spores can be dried and 
kept for many years in an apparently dead condition, and yet will 
sprout and grow when placed in appropriate surroundings. 

‘OF all the signs of life, those numbered 2 and 5 in the forogoing 
table are the most essential. Living material is in continual 
state of unstable chemical equilibrium, building itself up on the 
one hand, breaking down on the other ; the term used for'the sum 
total of these intra-molecular rearrangements is metabolism. 
The chemical substances in the protoplasm which are the most 
important from this point of view are the complex nitrogenous 
compounds called Proteids. So far os is at present known, proteid 
material is never absent from living substance, and is never present 
in any thing else but that which is alive or has been formed by the 
agency of living cella, It may therefore be stated that Proteid 
Motabolism is the most essential characteristic of vitality, 
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CHAPTER II. 
THK ANIMAL CELL, 


Aw animal cell is usually of microscopic dimensions, in the 
human body varying from shy to sy'yo of an inch in diamoter. 

It consists of— 

1. Protoplasm. This makes up the main substance of the coll. 

2, Nucleus: a vesicular body within the protoplasm, generally 
situated near the centre of the cell, 

3. Centrosome and attraction sphere : these are contained within 
the protoplasm, near the nucleus. 

‘These three portions demand separate study. 





Protoplasm. 


Until recent years, protoplasm was supposed to be a homo- 
geneous material entirely destitute of structure, though generally 
containing minute granules of solid consistency, or globules 
(vacuoles) containing a watery fluid. 

It has, however, now been shown with high powers of the 
microscope that in many cells the protoplasm consists of two 
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parts, a fine network of fibrillw in which the more fluid and 
apparently structureless portion of the protoplasm is contained 
(See figs. 2 and 6.) 

The network or spongework is called the reticulum or 
spongioplasm, and the more fluid portion in its meshes the 
enchyloma or hyaloplasm. 
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[eho ee eran Hemera cuca 
employed, Appearances undow! iuced artific 

way are (i et it gs i pombe rent 
regarded by some observers joe pale rang eee tee Rar leat to 
bene pcr nt eitted ‘icalar, has shown that a 

colloidal substance latin will, when it sets, present the ap; 

& network, and he ita probable that the network acen nse may 
bedue to a similar setting eg protoplasm which occurs 
either when the cell ates or is fixed by hardening reagents 


‘The granules in protoplasm are partly thickened portions of the 

. but in addition to this there appear to be free 

grafules, some fatty in nature (staining black with oamic acid), 

some composed of the substance called glycogen or animal starch 

(staining reddish-brown with iodine), and sometimes in a few 

unicellular animals they consist of inorganic (caleareous) 

matter, But by far the most constant and abundant of the 

granules are like the main substance of the protoplasm, proteid 
or albuminous in composition. 

The chemical structure of protoplasm can only be investi- 
gated after the protoplasm has been killed. The substances it 
yields are (1) Water; protoplasm is semiflnid, and at least 
three-quarters of its weight, often more, are due to water. 
(2) Proteids. These are the most constant and abundant of 
the solids. A proteid or albuminous,substance consists of carbon, 
hydrogen, nitrogen, oxygen, with sulphur and phosphoras in 
small quantities only. In nuclein, a proteid-like substance 
found in the nuclei of cells, phosphorus is more abundant, 
The proteid obtained in greatest abundance in the cell proto- 
plasm ig called a nucleo-proteid, that is to say, it is a compound 
containing varying amounts of this material nuclein with proteid. 
White of egg is a familiar instance of an albuminous substance 
or proteid, and the fact (which is also familiar) that this sets 
into a solid on boiling will serve as a reminder that the greater 
‘number of the proteids found in nature have a similar tendency 
to coagulate under the influence of heat and other agencies. 
(3) Various other substances occur in smaller proportions, the most 
constant of which are lecithin, a phosphorised fat ; cholesterin, 
4 monatomic alcohol ; and inorganic salts, especially phosphates 
and chlorides of calcium, sodium, and potassium. 

‘The large quantity of water present should be particularly 
noted; the student when first shown diagrams of the reticulum 
in protoplasm is apt to iinagine that it consists of a firm solid, 
like a system of wires pervading a jelly. The reticulum is only 
slightly more solid than the hyaloplasm. 
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The Nuclous 


In form the nucleus is generally round or oval, but it may 
have in some cases an irregular shape, and in other cases there 
may be more than one nuclous in a cell. 

‘The nucleus exercises a controlling influence over the nutrition 
and iutdivision of the cell; any portion of a cell cut off from 
the nucleus undergoes degenerative changes. 

A nucleus consists of four parts— 

t. The nuclear membrane, which encloses it. 

2. A network of fibres in appearance like the spongioplasm: 
of the protoplasm but on a Langer seale; that ix to say, 
the threads of which it is composed are niuch coarser “and 
twuch more readily seen. The narne chromoplasm hus been 
given to this network. 

3 The nnelear sap or matric, a more Maid and homogeneous 
substance which occupies the interstices of the spongework 
of chromoplaxtn, 

4. Nucleoli ; these aro of two principal varieties ; some are 
knots or thickened portions of the network and others, the 
true nucleoli, float freely in the nuclear sap. 

These four parts of the nucleus are represented in the next 

diagram. 












Nole of network 


ES) ___Nuelear matrix, 


Nh Seal 


Pig. 7.—The resting suclowy—dingrummatic. (Waldeyer,) 


Node of meatwork p= 


The next figure (fig. 8) gives a view of the nucleus, according to 
the researches of Rabl. He considers that the fibres of the network 
may be divided into thick fibres which he terms primary, and 
thinner connecting branches which he terms secondary (shown 
only on the right-hand side of the figure), This observer also 
supposes that the primary fibres have the looped arrangement 
depicted in the diagram. 

In the investigation of microscopic objects, a histologist is 
nearly always obliged to use staining agents ; the extremely thin 
objects he examines are so transparent that, without such stains, 

h of the structure would be invisible. If such dyes as 
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hematoxylin or safranin are employed, it is the nucleus which 
becomes most deeply stained, and thos stands out on the lighter 
background of the protoplasm. 

But the whole nuclens does not stain equally deeply; it is the 
chromoplasmic filaments and the nucleoli which have most 
affinity for the stain, while the nuclear membrane and the 
‘nuclear sap are comparatively unaffected. Hence the terms 
chromatin nnd achromatin 
originally introduced by 
Fleming. The network 
and the nucleoli are com- 
posed of chromatic sub 
stanee or chromatin ; it is 


on 5 
partite have special altinity for Nase eyes Uke methy! 

Coming next to the chemical composition of the 
nucleus, it is found to consist principally of proteid 
and proteid-like substances. The nuclei of cells 
may be obtained by subjecting the cells to the 


contain several chemical compounds, but the only 
one of which we have any accurate knowledge hax 
been termed nuclein, and this is identical with the 
substance called chromatin by histologists, It is 
soluble in alkalis, but precipitated by acids; it is 
different from a proteid, as it contains in addition to earbon, 
n oxygen, hydrogen and sulphur, an enormous quantity 
[7 to 8 per cent, or even more) of phosphorus in its molecule, 
many eases nucleins contain iron also, 
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The Attraction Sphere, 


Recent research has shown that, in addition to the nucleus and 
protoplasm, most if not all living cells contain another structure ; 
it consists of a minute particle called a “centrosome,” which has 
an attractive influence on protoplasmic fibrila and granules in its 
neighbourhood, the whole appearance produced being called an 
attraction sphere (tig. 10). 





Fig. -Ovam of the worn 
“Ascaris, showing a twin attrac 


Fig. 10-—A cell (white blood-cor- tion sphere, he nucleus with 
Ete) “tn aly es te ert me sme s represeniad. beh 
Iphere, “In” this wplasen ia ted, 
‘caesn the attraction sphere lies the cn of the cell ts 
near the nucleus. (Behiifer.) not filled in, (¥. Beneden.) 


It is most prominent in cells which are dividing or about to 
divide. e centrosome, and then the attraction sphere, become 
double (fig, 11). It has been thought that the centrosome gives 
the primary impulse to cell-division, but a few cases have been 
described in which the nucleus divides before the centrosome, and 
it is now agreed that the division of chromatin and centrosome are 
two parallel events, the causal relation between which is not known. 











Protoplasmic Movement. 


A. cell passe the power of breathing, that is, taking in 
oxygen ; of nutrition, of building itself up from food materials ; 
and of excretion, or the getting rid of waste material. But the 
most obvious physiological characteristic of most cells is their 
power of movement. 

When an ameba is observed with a high power of the 
microscope, it is found to consist of an irregular mass of proto- 
plasm containing one or more nuelei, the protoplasm itself being 
more or less granular and vacuolated. If watched for a minute 
or two, an irregular projection is seen to be gradually thrust out 
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from the main body and retracted; a second mass is then pro- 
traded in another direction, and gradually the whole protoplasmic 
substance is, a8 it were, drawn into it, The Amaba thus comes 
to occupy ® new position, and when this is repeated several times 
we have locomotion in a definite direction, together with « 
continual change of form. These movements, when observed in 
other cells, such as the colour- 


lows blood-corpuacles of higher 
animals (fig. £3), in the branched 
corneal eells of the frog and else- 
berries sare henee termed ama- 
ve projections which are 
alternately protruded and re- 
tracted are called pseudopodia. 

A streaming movement is nob 
it tly seen in certain of the protozow, in which the mass 


of protoplasm extends long and fine processes, themselves very 
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Pig. 12.—Amartue, 


little moveable, but upon the surface of which freely-moving or 
streaming granules are seen. A gliding movernent has also been 





more I. 
ells from sme plant, showing distinct celluloee-wail and ractiola- 
‘protplaxs. 
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noticed in certain animal cells; the motile part of the cell is 
composed of protoplasm bounding « central and more compact 
nAKs 5 means of the free movement of this layer, the cell 
may be observed to move along. 

In vegetable cells the protoplasmic movement can be well seen 








4 THE ANIMAL CELL. (en. 1. 


in the hairs of the stinging-nettle and Tradescantia and the cells 
of Vallisneria and Chara; it is marked by the movement of the 
granules nearly always imbedded in it. Vor example, if part of a 
hair of Tradescantin (fig. 15) be viewed under a high magnifying 
power, streams of protoplasm containing ¢rowds of granules 
hurrying along, like the foot-pussengers in a busy street, are seen 
flowing steadily in definite directions, some coursing round the 
film which lines the interior of the cell-wull, and others flowing 
towards or away from the irregular mass in the centre of the 
cell-cavity. Many of these streams of protoplasm run together 
into langer ones and are lost in the central mass, and thus ceaseless 
variations of form are produced, The movement of the proto- 
plasmic granwes to or from 
the periphery is sometimes 
called vegetable cirewlation, 
whereas the movement of 
the protoplasm round the 
interior of the cell is culled 
rotation. 

The first uccount of the 
movement of protoplasm 
was given by Réwel in 1755, 
ws ocourring in a small 
Protens, probably a. large 
freshwater amoeba. His 
description was followed 
twenty years later by Corti’s 
demonstration of the rota- 
in Characem, and in the earlier part of this century 
Meyer in Vallisneria, 1827, and by Robert Brown, 1831, in 
taminal Hairs of Trdescantia,” ‘Then came Dujardin’s deserip- 
tion of the granular streaming in the pseudopodia of Rhizopods ; 
movements in other animal cells were described somewhat later 
(Plauarian eggs, v. Siebold, 1841; colourless blood-corpuscles, 
Wharton Jones, 1846). 

There is no doubt that the protoplasmic movement ix essentially 
the same thing in both animal and vegetable cells. But in 
vegetable cells, the cell-wall obliges the movement to occur in the 
interior, while in the naked animal cells the movement results in 
an external change of form 

Although the movements of ameboid cells may be loosely 
described as spontancous, yet they are produced and increased 
under the action of external agencies which excite them, and 
which ure therefore called stimu, and if the movement has ceased 
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for the time, ws is the case if the temperature is lowered beyond a 
certain point, movement may bo set up by raising the temperature, 
pam sia aay bodies, gentle pressure, certain salts, 
and electricity, produce or increase the movement in the ameba. 
‘Warpitopaae is, therefore, sensitive or irritable to stimuli, and 
— ita irritability by movement or contraction of its masa 
‘The effects of some of these stimuli may be thus further 
detailed — 
a. Changes of temperature. —Moderate heat acts us a stimulant : 
the movement stops when the temperature is lowered near the 
fint or raised above yo" C 
(104° F.); between these two points 4 
the movements increase in activity ; 
the optimum temperature is about 
37° to 38°C. Though cold stops the 
movement of protoplasm, exposure 
to « temperature even below 0° C. 
does not prevent its reappearance if 
the temperature is raised ; on the 
other hand, prolonged exposure to a 
temperature of over 40°C. altogether 
kills the protoplasm and causes it 
to enter into & condition of cougula- 
tion or heat rigor. We have already 
woon that proteids, the most abun- 
dant constituents of protoplasm, are 
coagulated by heat. 
4. Chemical stimuli’. — Distilled 
water first stimulates then stops: Fig, »6. 
Gatsebteaabreciien for by: teabibi-°<" saccade 
tion it causes great swelling and lectecal eimalation; «, panes 
finally barsting of the cells. In note of 
some cases, however (myxomycetes), 
ean be almost entirely dried up, but remains capable of 
renewing its movement when again moistened. Dilute salt- solution 
and very dilute alkalis stimulate the movements temporarily. 
Acids or strong alkalis permanently stop the movements: ether, 
chloroform, verutrine and quinine also stop it for « time. 
‘Movement is suspended in an atmosphere of hydrogen or 
carbonic acid and resumed on the admission of air or oxygen ; 
‘ousipite ‘withdrawal of oxygen will after a time kill protoplasm, 
* « Blectrical—Weak currents stimulate the movement, while 
strong currents cause the cells to assume a spherical form and to 
‘become motionless. 








(Kahne.) 
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The ameboid movements of the colourless corpuscles of the 
blood may be readily seen when « drop of blood from the finger 
is mixed with salt solution, and examined on a warm stage with 
the microscope, If « pseudopodium of such a corpuscle is 
observed under a high power, it will be seen to consist of hyalo- 
plasm, which has flowed out of its spongy home, the reticulum. 
Later, however, portion of the reticular 
part of the protoplaam may enter the 
pseudopodium. The cells may be fixed 
by a jet of steam allowed to play for a 
moment on the surface of the cover glass. 
The next figure illustrates one fixed in 
this way, 

‘The essential act in the protrusion of a 
pseudopodium is the flowing of the hyalo- 
plasm out of the spongioplasm ; the retrac- 
tion of the pseudopodiam is a return of 
the hyaloplasm to the spongioplasm. The 
spongioplasin has au irregular arrangement 
with openings in all directions, so that the contractility of undif- 
ferentiated cells may exhibit itself towards any point of the compass. 








Coll Division. 


A cell multiplies by dividing into two; cach remains awhile in 
the resting or, more correctly, nou-dividing condition, but later it 
grows and subdivides, and the process may be repeated indefinitely. 

‘The supreme importance of the cell, the growth of the body from 
cells, and the fact that cells are the living units of the organism, 
were first established in the vegetable world by Scbleiden, and 
extended to the animal kingdom by Theodor Schwann. The ideas 
of physiologists depending on this idea are grouped together ax 
cellular physiology, which under the guidance of Virchow was 
extended to pathology also: Virchow expressed the doctrine now 
so familiar as to be almost a truism in the terse phrase omnis 
cellula ¢ cellula (every cell from a cell). 

The division of « cell is preceded by division of its nucleus 
Nuclear division may be either (1) simple or dérect, which consists 
in the simple exact division of the nucleus into two equal parts 
by constriction in the centre, which may have been proceded by 
di pn of the nucleoli ; or (2) indirect, which consists in a series 
of changes which goes on in the arrangement of the nucleai 
reticulum, resulting in the exact division of the chromatic fibres 
into two parts, which form the chromoplasm of the daughter nuclei. 























on, 1h) CELL DIVISION. 17 


‘The changes in the nucleus during indirect division constitute 
nesta (xciguoy, « kernel), or mitosis (péros, a thread), amt 
direct division ix called am#étotic or akinetic (xivneis, movement). 
It isnow believed that the mitotic nuclear division is all bat, though 
not quite, universal, Somewhat different accounts of the stages 
of the nnelear division have boon given by different authorities, 
mcording ta the kind of cell in whieh the nuclew changes have 
been studied. The following will summarise the stages of karyor 
Kinesis ax observed by Kloin -— 
‘The nucleus in a resting condition, ie, before any changes 
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hI ‘nucleus of a columnar epithelial oell ; a, 6, the 
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division occur, consists of a very close meshwork of fibrils, 
which stain deeply with carmine, embedded in a matrix, which 
floes not possess this property, the whole nucleus being contained 
in an envelope. The first change consists of a slight enlargement 
of the nucleus, the disappearance of its envelope and an increase in 
the definition and thickness of the nuclear fibrils, which are also 
more separated than they were, and stain better. This is the 
stage of convolution (fig. 18, 1 0). ‘The next step in the process 
is the arrangement of the fibrils into some definite figure by an 
alternate looping in and out around « central space, by which 
means tho rosette or wreath stage (fig. 18, p) is reached. ‘The 
loops of tho rosette next become divided at the periphery and 
their central points become more angular, #0 that the fibrils, 
divided into portions of about equal length, are doubled at an 
acute angle, and radiate in a V-shaped manner from the centre, 
forming a star (aster) (fig. 18, %), and later from two centres, 

me °c 
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in which case 8 double star (ciaater) results (fig. 18, 6, 4, and 1). 
After remaining almost unchanged for some time, the V-shaped 
fibres being first rearranged in the centre, side by side (angle out- 
wands), split longitudinally and separate into two bundles which 
gradually take up a position at either pole. From these groups of 
fibrils the two nuclei of the new cells are formed (daughter nwelet) 
(fig. 18, K), and the changes they pass through before reachi 
the resting condition are exactly those through which the origi 
nucleus (:nother nucleus) has gone, but in @ reverse order, viz., 
the star, the rosette, and the convolution. During or shortly 
after the formation of the daughter nuclei the cell itself becomes 
constricted and then divides ina line about midway between them. 

The changes as described are those which are most obvious ; 
but they take little account of the formation of the spindle seen in 
fig. 18, , nor of the part played by the attraction sphere (see p. 12). 

The work of Waldeyer, Rabl, and others has shown that a 
more exact description is the following. 

The process may be divided into the following stages -— 

1, The non-dividing nucleus (fig. 19). 





Fig. 19.—Tho resting mucleus. (Waldoyer.) 


2. The spirem or skein stage: the nucleoli dissolve, the 
secondary fibres disappear, and the primary loops ruuning 
from polar to anti-polar regions remain (figs. 8, 20). 

In some cella there is at fitst one Jong, much twisted thread, which 

subsequently breaks up into segments 

3- Each loop becomes less convoluted and splits longitudinally 
into two sister threads, and the achromatic spindle appears 
(fig. 21, A and B). £ 

4. The equatorial stage ; monaster. The nucleus has now two 
poles, those of the spindle ; and at each pole there is a polar 
corpuscle or centrosome. The division of the centrosome 
of the original cell, and then of the attraction sphere into 
two, usually precedes the commencement of changes in the 
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nucleus ; the two attraction spheres become prominent in cell 


division, and the connecting achromatic spindle is probably 
alzo formed from them or from the achromatic material of the 


Early condition of the skxin singe viewed at the polar end, 1. 4. f opal 
oats. fs terapular Mase, abl) 


c 
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Pig. 22.—Mouustor stage of karyokinosis, (Waldeyer.) 


At this stage the nuclear membrane | 
protoplasm and nuclear sap become continnot 
immediately around the nuclow 
lar zone, and here the granules rt 


‘The term amphiaster often giver 
be confounded with the diaster t 
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should further be noted that in all cells which are the result of 
the sexnal process the number of chromosomes is always even, 
an equal number being contributed by each sex. 


Polar cérele 






“Antipodal séne 

Pig. 2).—Ovum of the worm Ascaris in proses af division. ‘The attraction spheres are at 

posite ends of the ovum; at the equator of the spindle which unites them, four 

mromosomes are seen. ‘The protoplasm of the our, except in the equatorial zone of 

the oall, ix arranged in lines radiating from the centre (centrosome) of the attraction 
sphere." (Waldoyer:) 

The V-shaped chromoplasmic fibres or chromosomes sink to the 
equator of the spindle, and arrange themselves so as to project 
horizontally from it. 
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». Later stage. c. Latent stage—formation of 
iow the wister threads disentangle themselves from one 





5. The atage of metakinesis. The sister threads separate, one 
set going towards one pole, and the other to the other pole 
of the spindle (fig. 24): these form the two daughter nuclei. 
The chromosomes are probably pulled into their new position 
by the contraction of the spindle fibres attached to them. 

6. Bach daughter nucleus goes backwards through the same 
series of changes; the diaster or double star is followed by 
the dispirem or double skein, until at last two resting nuclei 
are obtained (fig. 25). 

A new membrane forms around each daughter nucleus, 
the spindle atrophies, and the attraction sphere becomes less 
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prominent, The division of the cell protoplasm into two 
parts around the two tuclei begins in the dinster stage, and 
is complete in the stage represented in fig. 25. 

The karyokinetic process has been watched in all its stages by 
more than one observer. The time occupied varies from half an 
hour to three hours; the details, however, must be studied in 
hardened and sppropriately stained specimens. They are most 
readily seen in cells with large muclei, such as oceur in the 
epidermis of amphibians. 

‘The provess varies a good deal in different animal and vegetable 
cells; such as in the number of chromosomes, and the relative 


p85. Pinal of Tn the lowe herr in the change 
Fig. 25. es snes 1 fe love vdleun the changes are 


importance of the different stages. All attempted here has been 
to give au account of a typical case. The phases may be sum- 
marised in a tabular way as follows (from Quain'’s Anatomy) :— 
Nerwork on Bericonum . . . 1. Resting condition 
f08: 39). - 
{ 2. Close skein of fine con 
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STAR OR Mowasten 
Divenoexce o& Merakiyests 
Dovner Stan on DrasteR. . . 7, 


DousLe Skew on Disernew. 
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22 THE ANIMAL CELL, [oman 


The Ovum. 


The ovary is an organ whieh produces ova. 

An ovum is a simple animal cell ; its parts are seen in the next 
diagram. 

It ix enclosed in « mombrane called the zona pellucidaor vitelline 
membrane. The body of the coll is composed of protoplasm loaded 





Pig, o6-—Repromantation of a human ovum, (Cadiat.) 


with granules of food material, and often called the yolk or vitellus. 
The nucleus and nucleolus are sometimes still called by their old 
names, germinal vesicle and germinal spot respectively. 

The formation of ova will form the subject of a chapter later 
on, but it is convenient here at the outset to state briefly one or 
two facts, and introduce to the student a few torms which we 
shall have to employ frequently in the intervening chapters. 

The ovum first discharges from its interior a portion of its 
nucleus, which forms two little globules upon it called the polar 
globules. 

Fertilisation then occurs; that is to say, the head or nucleus 
of a male cell called a spermatozoon penetrates into the ovum, 
and becomes fused with the remains of the female nucleus. 

Cell division or sogmentation then begins, and the early stages 
are represented in the next figure. 

Fluid discharged from the cells accumulates within the interior 
of the mulberry mass seen in fig. 27 d, and later, if a section is 
cut through it, the cells will be found arranged in three layers. 

The outermost layer i# called the epiblast. 

The middle layer is called the mesoblast, 

The innermost layer is called the hypoblast, 

From the hree layers the growth of the reat of the body 
occurs, nutritive material being derived from the mother in 
mals by means of an organ called the placenta. 
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‘The epidlast, the outermost layer of the embryo, forms the 
epidermis, the outermost layer of the adult. It also forms the 
nervous system, 

The Aypottast, the innermost layer of the embryo, forms the 
lining epithelium of the alimentary and respiratory tracts, that 
is, the innermost layer of the adult. Lt also forms the cellular 
elements in the lange digestive glands, such as the liver and 


@©¢°% 
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pancreas, which are originally, like the lungs, outgrowths from the 
primitive digestive tube, 

The mesoWast forms the remainder, that is, the great bulk of 
the body, including the muscular, osseous and other connective 


tissues; the circulatory and urino-genital systems. 


CHAPTER IIL. 
EPITHELIUM. 


Is the introductory chapter will be found a list of the 
elementary tissues of which the organs of the body are built up. 
‘These may be arranged into the four groups, epithelial, connec- 
tive, muscular, and nervous. The first of these, the nee 
tissues, follows naturally on a study of the 
epithelium may be defined as a tissue c 
united by a minimal amount of cemen 
a0 epithelium is spread out a3 
lining the cavity of a hollow organ. 

These epithelia may be gro 
of which may be again sul 
arrangement of the cells of 
table gives the principal varie’ 
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Crass 1.—Stmple epithelium ; that is, an epitheliam consisting 
of one layer of cells only. Its subgroups are as follows >— 
#, Pavement epithelium. 
6. Cubical and colummar epitheliam. 
¢. Cilinted epithelium. 





. 28.—Prom a section of the lung of m eat, stained with silver nitrate. N. Alveoli or 
rin lined with large flat, acleated calls, with bom smaller polyhedral suclosted 


cellx. (Klein and Noblo Smith.) 





disphrugm of rabbit, showing the 
peach coll is aucleated, % 300. 






‘general poly 
Pictein.) 


Chass 2.— Compound epithelium ; that is, an epithelium con- 
sisting of more than one layer of cells, Its subgroups are as 
follows -— 

a, ‘Transitional epithelium 


4. Stratified epithelium. 
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‘This classification does not include the more specialised forms 
of epithelium found in secreting glands, or in the sense organs, 


{ the septum of the great lymph-sac of 
re open, some eallapeed, ‘are ‘well shown. X 100, 


nor structures like hair, and enamel of tooth, which are epithelial 
in origin. ‘These will be considered in their proper place later on. 


Pig. jn A tion of thy grew! 
‘dvetiuam of the murface, email an 
which are many stomata, <p 
We shall for the present 1 

enumerated, and take them on 
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Pavement Epithelium. 


This consists of a layer of flat cells, arranged like flat payement- 
stones accurately fitting together and united by a small amount 
of cementing material. The structure of the cells and their 
outlines roay be beat demonstrated by a process of double 
staining ; one stain, silver nitrate, 
to show the cementing material, 
and another, like logwood, to 
show up the nuclei of the cells, 

A portion of the fresh tissue 
is taken and immersed for a few 
minutes in a ¢ per cent. solution 
of nitrate of silver; it is taken 
out, washed with distilled water, 
and exposed in water or spirit to 
sunlight. The silver forms a com: 
pound with the cement, which 
in the light is decomposed or re- 
duced, leading to a fine deposit 
of silver, showing as black or 
brown lines between the cells, and 
accurately defining their ontlines. 
The preparation may then be 
immersed in some stain like log- 
wood to bring out the nuclei, and 
finally mounted in the usual way. 
The details of histological work 
can only be properly learnt in a 


Fig. j2.—Surface view of an artery from practical class. 
the mesentery of w frog, : 
$36 perivascular Iymphati . Fig. 28 shows the appearance 
4, The artory, with ite circular mus— . 7 
Calan cont (medial tadioated by brow presented in a preparation of 
transverse marca ci aa ing: = the alveoli or air-sacs 
4 Lemphatio vewel; ite wall iss of the lung, pavement epitheli 
dade cadctbcllst menbrane: (Kite Of the lung, pavernent epithelium 
snd Noble Sith.) of u typical kind ix found form- 
ing a lining membrane. 
Endothelium.—Epithelium of similar appearance ix found 
lining the interior of the whole of the vascular sys cart, 
arteries, capillaries, veins, and lymphatics, and in the adjuncts of 
the circulatory system called the serous membranes (pericardium, 
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peritoneum, ete.) 
This epithelium is formed from the middle layer of the embryo, 
the mesoblast; most other epithelium is derived either from 
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or | Hence it has received a distinct 
ae hypoblast. a inot name, 


The general appearance presented by endothelium in serous 
pecans pwn ti Sika 04 39, and 31; in blood-vessels in 
ig. 32. 
‘The stomata seen in some of the drawings are minute openings 
surrounded by more darkly staining cells, which lead from serous 
cavities into lymphatic vessels, 


Cubical, Spheroidal, and Columnar Epithelium. 


In these forms of epithelium, the cells are not flat, but are 
thick ; if they approximate cubes or spheres in shape, the epi- 
thelium is called cubioal or spheroidal respectively. Spheroidal 
epithelium is found in the alveoli of secreting glands, such as the 
salivary glands, liver, and pancreas (see figs. 33 and 34), and will 








Yum. Small lobule of a Mio all plete of the Li 
a spoming guciated M8 Mio nares (Gadlat) 


ealla, x 00. [V. 


~ be discussed at length in connection with those organs. Culieal 
epithelium is found in the alveoli of the thyroid (see fig. 35), in 
the tubules of the testis, and in the ducts of some glands. 
Iu columnar epithelium the cells are tall, and form a kind of 
or rows of columns. It is found lining the interior 
of the stomach and intestines, and the ducts of the majority of 
seereting glands; it forms also the layer on the outer surface 
of the ovary. 
Tn the intestinal epithelium each cell has a distinet brightly 
refracting and striated border. Fig. 36 shows two isolated cells 
of this kind, 
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‘The nucleus with its usual network and the vacuolated eon- 
dition of the protoplasm are very well seen. The attached border 
is narrower than the free edge. Amoboid lymph cells are found 


ee 





; 





. 34 Beetion of human + the few voxicles shor cubical 
Peo An rer Sore Sortie eae 


Mi colloid material. (After 


in the spaces that must necessarily be left when cells of such 
a shape cover a surface. Fig. 37 shows a row of columnar cells 
from the rabbit's intestine. 

The next figure (fig. 38) shows the arrangement of these cells 





Hig. 36—Colurnar epithelium celle of the rabbit's intestines. ‘The cells have been teolated 

‘after maceration in very weak ehromio cid, Tap esis are mech yeomsiatel erdces 
of thet has « fat globule nowr its attached end. ‘The strinted border (str-) ix well 
reen, and ‘the bright diso wpurating If from tho cell protoplasm. =, aualeus with 
intranuclear network, «, a thinned out winglike projection of the cell which probably 
fitted between two adjacent cells. (BehKfer.) 


on the surface of a'villus, one of the numerons little projections 
found in the s1 intestine. 
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The gaps seen there are due to the formation of what are 
called ue cells In some of the columnar cells, & formation 





Wa see ot Seay ol htc ba eats tadedins, ‘Scaller colle are agen 
‘between the epitheliatm cells; thes arelymph-oorpussles. (Hehiifer.) 


of granules occurs which consist of a substance called mucigen 5 
these run together, and are discharged from the cell as a brightly 


pee ete 
‘ent 
ns in which are contained 





refracting globule of mucin, leaving the cell with open mouth like 





Fig. 99.—Goblet cells. (Klein. 


@ goblet, the nucleus being surrounded by the remains of the 
in ite narrow stem (see fig. 39). 
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This trausformation is a normal proces continually going ov 
throughout life, the discharged mucin contributing to form mimes 
‘The cells themselves may recover their original shape after dis- 
charge, and repeat the process later on. 


Ciliated Epithelium, 


The colls of ciliated epithelium are generally of columnar 
shape (fig go), but they may occasionally be spheroidal (fig. 41), 





~Ciliated epithelium from the human 4 Spheroidal ciliated 

beg a ae tg eT We Uc pene meee 
A eae asin, Denne a ei the yoo diame 
‘more than ) tere 


Each cell is surmounted by a bunch of fine tapering filaments. 
They were originally called cilia because of their resemblance in 





sisted epithelium of the human trachea, lazwr of Longton 

Rauemiont meuitmane ; ‘e deepent ely erent in mn fo mane 
sista eons v: ovtarmont yee of tals Fully Gersioped sat 
er.) 
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shape to eyelashes, ‘They differ from eyelashes’ in being 
extremely small, and in not being stiff; they are in fact composed 
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life these move to and fro, and so produce 


mucus. 

Tn the larger ciliated cells, it will be seon 
that the border on which the cilia are set 
ia bright, and composed of little knobs, to 
each of which a cilium is attached; in some 
cases the knobs are prolonged into the cell pro- 
toplasm as filaments or rootlets (fig. 43). 

‘The bunch of cilia is homologous with the 
‘striated border of columnar cells. 

Cilinted epithelium is found in the human 
‘body, (1) lining the air passages, but not in the 
alveoli of the lungs; these are lined by pave- 
ment epithelium; (2) in the Fallopian tubes 
and upper part of the uterus; (3) in the ducts 
of the testis known as the vass efferontia and 
coni vasculosi; here the cilia are the longest 
found in the body; (4) in the ventricles of the 
brain and central canal of the spinal cord ; 
(5) the tail of a spermatozoon may also be 
regarded as a long cilium. 

Im other animals cilia are found in other 

; for instance, in the frog the mouth and 
gullet are lined by ciliated cells; in the tad- 
pole, the whole surface of the body and especially 
the gills are covered with cilia, Among the 
invertebrates one finds many protozoa com- 
pletely covered with cilia; in many embryos 
the cilia are armmged in definite bands round 
the body ; in the rotifers or wheel animalcules, 
a ring of cilin round the mouth gives the name 
to this particular group. The gills of many 


Like columnar 





animals are covered with cilia ; and the cells of the kidney tubules 


in some animals are ciliated. 
Ciliary Motion. 


Ciliary motion reminds one of ameboid movement, but it ix 
much more rapid, and more orderly. It consists of a rhythmical 
movement of the cilia, a bending over, followed by a lessening of 


the curvature, repeated with great frequency. 


When living ciliated epithelium, eg., from the gill of a mussel, 
‘or from the mouth of the frog, is examined under the microscope 
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in w drop of 0°6 por cont. solution of common salt (normal saline 
solution), the cilin are seen to be in constant rapid mi , cach — 
citium being fixed at one ond, and swinging or lashing to and 
fro. Tho general impression given to the eye of the observer 
is very similar to that produced by waves ina field of corn, or 
awiftly running and rippling water, and the result of their move- 
ment is t produce & continuous current in « definite direction, 
and this direction is the same on the same surface, being usually: 
in the case of a cavity towards the external orifice. ¢ 
Thore is not only rhythmicality in the movement of a single 
ciliam, but each acts in harmony with its fellows in the sane 
cell, and on neighbouring cells 

The uses of cilia can from the above be almost 5 in 
the respiratory paakages they create a current of mucus with 
entangled dust towards the throat; in the Fallopian tube or 
oviduet they assist the ovum on its way to the uterus; in the 
gullet of the frog they act downwards and assist swallowing ; in 
the ciliated protozoa they are locomotive organs. Over the 
gills of marine animals they keep up a fresh supply of water, 
and in the case of the rotifers, which are fixed animals, the current 
of water brings food to the mouth, 

Ciliary motion is independent of the will, of the direct influence 
of the nervous system, and of muscular contraction, [t may 
continue for several hours after death or removal from the body, 
provided the portion of tissue under examination be kept moist. 
Its independence of the nervous system is shown also in its 
occurrence in the lowest invertebrate animals which are un- 
provided with anything analogous to a nervous system, in ite 
persistence in animals killed by prussic acid, by narcotic or 
other poisons, and after the direct application of narcotics, such 
as morphia, opium, and belladonna, to the ciliary surface, or of 
clectricity through it. The vapour of chloroform arrests the 
motion, but it is renewed on the discontinuance of the applica- 
tion. The movement ceases when the cilia are deprived of 
oxygen, althongh it may continue for a time in the absence of 
en, but is revived on the admission of this gas. Car- 
id stops the movernent. The contact of various sub: 
stances, ¢.y., bile, strong acids, and alkalis, will stop the motion 
altogether ; but this seems to depend chiefly on destruction of 
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the delicate substance of which the cilia are composed. ‘Tem- 
peratures above 45° C. and near 0° C, stop the movement, 
wherens moderate heat and dilute alkalis are favourable to the 
action and revive the movement after temporary cessation. ‘The 
exact explanation of ciliary movement is not known; whatever 








the cell, the attached and not the severed portions continue 
is 


ie) 
z 
fF 


i 
é 
E 
i 
‘ 


b grr ape the cilium will cause it to curve, the flow 
the hyaloplasm back into the body of the cell will cause the 
cilium to straighten. 

‘The action of dilute alkalis and acids on cilia is interesting. 
Dilute acids stop ciliary motion ; and cilia, if allowed to act in 
salt solution for a time, get more and more languid and finally 
cease acting ; in popular language they become fatigued. Now 
we shall find in muscle that fatigue is largely due to the accumu- 
lation of the acid products of muscular activity; remove the 
sarco-lactic acid and fatigue passes off. It is probable that 

ir in other contractile tissues ; the cilia gradually 
stop, due to acid products of their activity collecting around 
them ese are neutralised with dilute alkali the cilia 


Transitional Epithelium. 


‘This term has been applied to cells which are neither arranged 
in a single layer, as is the case with simple epithelium, nor yet 
in many superimposed strata, as in stratified epithelium ; in 
other words, it is employed when epithelial cells are found in two, 
three, or four superimposed layers. 

‘The upper layer may be cither columnar, ciliated, or squamous. 
When the upper layer is columnar or ciliated the second layer 
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consists of smaller cells fitted into the inequalities of the cells 
above them, as in the traches (fig. 42). 

‘The epithelium which is met with lining the urinary, bladder 
and uroters is, however, the transitional par exeellence. In this 





rabbit. (V. D. Harris.) 


membrane of the bladder is teased, and examined under the micro- 
scope, cells of a great variety of forms may be made out (fig. 45). 
Fach cell containg a large nucleus, and the larger and superficial 
cella often possess two. 


Stratified Epithelium. 


The term stratified epithelium is employed when the cells 
forming the epithelium are arranged in a considerable number of 
superimposed layers, The shape and size of the cells of the 
different layers, as well as the number of the layers, vary in 
different situations ; but the superficial cella are, a8 a rule, of the 
squamous, or sealy variety, and the deepest of the columnar form. 

The cells of the intermediate layers are of different shapes, but 
those of the middle layers are more or less rounded. The super- 
ficial cells are broad and overlap by their edges (fig. 46). ‘Their 
chemical composition is different from that of the underlying cells, 
as they contain keratin, and are therefore horny in character. 
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The ,is often not apparent, ‘The really cellular nature 
Fedgierece and shrivelled scales cast off from the surface of 








of the skin ; the most superficial Nake Soe. Eada 
of these are being continually Peere 
friction, and new eae from below supply the place 


presage, 











Pig. 47,— Vertical section of the stratified epithetiam of the rabbit's comes. 9, anterior 
mma ye diferent shapes of tho cells at various depths frm the free 
The intermediate colls approach more to the flat variety the 
nearer they are to the surface, and to the columnar as they 
‘h the lowest layer. There 
may be considerable intercellular 
intervals ; and in many of the 
deeper layers of epithelium in the 
mouth and skin the outline of 
the cells is very irregular, in 
consequence of processes passing 
from cell to cell across these in- 

tervals, 

Such cells (fig. 48) are termed 





Dr 
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a ete rae ic oF gt ape cal trom the middle 
a ” are prolongations of “ eericad eo ote Cates 
the intracellular network which 

run seross from cell to cell, thus joining them together, the inter- 
stices being filled by lymph and transparent intercellular cement 
p2 
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substance. When this increases in quantity in inflammation the 
cells are pushed further apart, and the ing fibrils or 
“prickles” elongated and therefore more clearly visil 

‘The columnar cells of the deepest layer are distinctly nucleated ; 
they multiply rapidly by division; and as new cells are formed 
beneath, they press the older cells forwards to be in turn prossed 
forwards themselves towards the surface, gradually altering in 
shape and chemical composition until they arc cast off from the 
surface. 

Stratified epithelium is found in the following situations -— 
(t) Forming the epidermis, covering the whole of the external 
surface of the body ; (2) Covering the mucous membrane of the 
nasal orifice, tongue, mouth, pharynx, and asophagus ; (3) As 
the conjunctival epithelium, covering the cornea ; (4) Lining the 
vagina and the vaginal part of the cervix uteri. 


Nutrition of Epithelium. 


Epithelium has no blood-yessels; it is nourished by lymph. 
When the blood is circulating through the thin-walled small blood- 
vessels in the tissues beneath the epithelium, some of its fluid 
constituents escape. This fluid is called fymph ; it penetrates to 
all parts of the cellular elements of tissues and nourishes them. 
In the thicker varieties of epithelium, the presence of the irregular 
minute channels between the prickle cells (fig. 48) enables the 
lymph to sonk more readily between the cells than it would 
otherwise be able todo, Epithelium is also destitute of nerves 
asa rule. But in stratified epithelium, particularly that covering 
the cornea at the front of the eye and in the deeper Inyers of the 
epidermis, a plexus of nerve fibrils is found, 


Chomistry of Epithelium. 


There is not much to add to what has been already stated 
concerning cells ; protoplasm and nucleus have the same chemical 
composition as has been already described in Chapter Hl. Two 
new substances have, however, been montioned in the foregoing 
chapter—naincly, mucin and keratin. 

Mucin.—This is a widely distributed substance occurring in 
epithelial cells or shed out by them (see goblet cells, fig. 39). It 
also forms the chief constituent of the cementing substance 
between epithelial cells. We shall again meet with it in the 
intercellular substance of the connective tissues. The mucin 

cd from different sources varies in composition and reactions. 
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There are probably several mucins, but they all agree in the 
followii 


ing points :— 

(a) Physical character: viscid and tenacious. 

}) Precipitability from solutions by acetic acid. They ‘all 
. dissolve in dilute alkalis, like Lime-water. 

(c) They are all eomsppnda of proteid, with a carbohydrate 
material which has been provisionally called animal gam ; 
by treatment with dilute mineral acid this is hydrated into 
a reducing but non-fermentable sugar-like substance, 

The substance mucin, when it is formed within cells (goblet 
cells, cells of mucous glands), is preceded in the cells by granules 
of a substance which ia not mucin, but is readily changed into 
toucin. This precursor, or mother-substance of mucin, is called 
mucigen or mucinogen. 

Keratin, or horny material, is the substance found in the sur- 
face layers of the epidermis, in hairs, nails, hoofs, aud horns. It 
is very insoluble, and chiefly differs from proteids in its high 

percentage of sulphur. Keratin is a member of a heterogencous 
group of proteid-like substances which are called albuminoids, 
and several more members of this group we shall have to consider 
in our next chapter on the connective tissues. 


CHAPTER IV. 
THE CONNECTIVE TISSUES. 


Tux connective tissues are the following :— 
1. Areolar tissue. 
2. Fibrous tissue. 
3- Elastic tissue. 
4- Adipose tissue. 
5. Retiform and lymphoid tissues. 
6. Jelly-like tissue. 
i Cartilage, 
. Bone and dentine, 
- Blood. 
At first sight these numerous tissues appear to form a very 
jeous group, including the most solid tissues of the body 
(bone, dentine) and the most fluid (blood). 
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But on examining a little more deeply, one finds that the 
grouping of these apparently different tissues ther depends 
on 4 number of valid reasons, which may be briefly stated as 
follows :-— 

1. They all resemble each other in origin. All are formed 

from the mesoblast, the middle layer of the embryo. 

2. They resemble cach other structurally ; that is to sty, the 
cellular element is at a minimum, and the intercellular 
material at a maximum. 

3. They resemble each other functionally ; they form the 
skeleton, and act as binding, supporting, or connecting 
tissues to the softer and more vital tissues. 

An apology is sometimes made for calling the blood a tissue, 
becanse one’s preconceived idea of a tissue or texture is that it 
must be something of a solid nature. But all the tissues contain 
water. Muscular tissue contains, for instance, at least threo- 
quarters of its weight as water. Blood, after all, is not much 
more liquid than muscle. Blood, moreover, contains cellular 
elements analogous to the cells of other tissues, but separated 
large quantities of a fluid intercellular material called blood- 
plasma. 

Blood is also mesoblastic, and thus the two first characteristics 
of a connective tissue are present. It does not fulfil the third 
condition by contributing to the support of the body as part of 
the skeleton, but it does so in another sense, and serves to 
support the body by conveying nutriment to all parts. 

We may now proceed to a consideration of this long list of 
tissues, one by one, in the order named. 





Areolar Tissue, 


It is convenient to take this first, as it is a very typical 
connective tissue. It has a wide distribution, and constitutes 
the subcutaneous, subserous, and submucous tissues. It forms 
sheaths (fascie) for muscles, nerves, blood-vessels, glands, and 
internal organs, binding them in position and penetrating into 
their interior, supports and connects their individual parts. 

If one takes a little of the subcutancous tissue from an animal, 
and stretches it out on a glass slide, it appears to the naked eye 
like a soft, fleecy network of fine white fibres, with here and there 
wider fibres joining it. It is, moreover, clastic. 

But in order to make out its structure accurately it is necessary 
to examine the thinnest portions of the film with the microscope, and 
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‘the action of staining and other reagents may then be als studied. 
By such means it is scon that this typical connective tissue consists 





of the white Sbres of areolar there rel 
Pig. 49—Bupdles <} partly unraveled. 


of four difforent kinds of material, or, as they may be termed, 
elements. They are :— 
{a) Cells, or connective-tissue cor- 


(b) A homogeneous matrix, ground 
bec oon or intercellular mate- 
(c) White fibres \ on 
(a) Yellow or elastic fibres | “"*° 
‘are deposited in the matrix. 
In considering these four histological 
elements we may first take the fibres, 
because they are the most obvious and 
abundant of the structures observable. 
The white fibres. These are ex- 
quisitely fine fibres collected into 
bundles which have a wavy outline. 
‘The bundles run in different directions, 
forming an irregular network, the 
meshes between which are called 
arvole ; hence the name areolar. The ™ {2;5,Bayiie Stns of arvolar 
individual fibres never branch or join 
other fibres, but they may pass from one bundle to another. 
‘On treatment with dilute acetic acid they become swollen and 
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indistin®t, leaving the other structures mixed with them more 
apparent. = 

* They are composed of the chemical substance called collagen. 
On boiling they yield gelatin; some chemists regard collagen 
as the anhydride of gelatin; but whether this is so or not, the 
gelatin is undoubtedly derived from the collagen. Gelatin ix a 
proteid-like substance though not a proteid. It belongs to the 
class of albuminoids. Its most characteristic property ia its power 
of jellying or gelatinising ; that is, it is soluble in hot water, but 
on cooling the solution it sets into a jelly, 

The yellow or elastic fibres. These are seen 
readily after the white fibres are rendered almost in- 
visible by treatment with dilute acetic acid, or after 
staining with such dyes as magenta and orcein, for 
which elastic fibres have a great affinity. They are 
bigger than the white fibres, have a distinct outline, 
and a straight course ; they run singly, branch, and 
join neighbouring fibres (fig. 50). 

The material of which the elastic fibres are com- 
posed is called elastin ; this is another albuminoid. 
It is unaltered, as we have seen, by dilute acid. 
It also resists the action of very strong acid, and is 
not affected by boiling water. 

The bundles of white fibres which have been 
swollen out by dilute acetic acid sometimes ex- 
hibit constrictions aa in fig. 51. These are due to 
elastic fibres or cell processes ericircling them and 
preventing the swelling at those pointe. 

Connective-tissue corpuscles. ‘These are the cells 
of connective tissue: several varieties may be 
made out, especially after @ preparation has 
been stained, 
ashic swat =x. Flattened cells, branched, and often united 
thee by their processes, as in the cornea, 

2. Flattened cols, unbranched, and joined edge 
to edge like the cells of an epithelium ; these are well seen 
in the sheath of a tendon. 

3. Plasma cells of Waldeyer, varying greatly in size and form, 
but not flattened. The protoplasm is much vacuolated. 

4. Granule cells: like plasma cells, but containing albuminous 
granules (stainable by eosin) instead of vacuoles. 

5. Wander cells: white blood-corpuscles which have emigrated 
from the neighbouring blood-vessels. 

6. Pigment cells: these are seen in the subcutaneous tissues 
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rife animals, ¢g., the frog, and in the choroid coat of 

Fig. 55 shows a highly magnified view of a small piece of 
suboutaneous tissue, and illustrates the irregular way in which 
the fibres and cells are intermixed, 


. / 





Fig, <e.—Horinontal of the cornea of the ‘harold coat ‘of the 

tained tn gold chloride; showing the X30, Socal with 

cornea, 3 7B, colourlow 

ground substance ix completely oolourlee, formals. (Wilt 
gee. (Klein.) ker.) 


ye 


Me fe aaa ree emer an eee 
out the substance of consequently some parts of it look blacker t 
others (uncontracted state). SU a SF wed age gd 
tnuy ho eld, x0 Chak they appar arallr, > ranched. X50. 
We have now to consider the undifferentiated intercellular 
material which fs called 
The ground-substance. This may be represented in fig. 55 by 
the white background of the paper, 

it may be readily demonstrated in a silver nitrate prepa- 
ration ; for the intercellular material has the same property of 
reducing silver salts in the sunlight that the cement-material 
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of epithelium has. It becomes in consequence dark brown, with 
the exception of the spaces occupied by the corpuscles. 





Fig. 5$,—Areolar thaue. The white fibres are seen in wary bundlet; the elastic Sree 
form sn open network. p, p, plasma cells, g, granule coll. o, ¢, lamellar cells, 
J, Wbrillated cell. (After Bebéfer.) 
The spaces intercommunicate like the cells, and being con- 
siderably larger than the cells form a ramifying network of 
irregular channels, which were first termed by v. Recklinghausen 





Fig. Ground substance of connective tissue, stained by aflver nitrate, ‘The cell spaces 
are left white. (After Sehiifer 





the Saft Kandilchen, or little juice canals Areolar tissue is certainly 
provided with blood-vessels, but the tissue elements are, as in all 
tissues, provided with nutriment by the exudation from the blood 
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called fymph. ‘The Saft Kandlchen enable the lymph to penetrate 
to every part of the arcolar tissue. 


Dovelopment of Areolar Tissue. 


The mesoblastic cells in those parts where tho tissue is to be 
formed become branched and fusiform. 





. $1-—Pertion of tiene of gravid uterus of sow. a, branch 
Wi POS pdiocapedy 8 baller st commaue taaus’ faieke ee 





These ultimately become the connective-tissue corpuscles, 
and they get more and more widely separated by intercellular 





See nn 
material, partly shed out by the cells themselves, partly shed out 
from the neighbouring blood-vessels. This becomes the ground 
substance. The fibres form subsequently in this as crystals may 
be deposited by a liquid. At one time it was believed that the 
cells themselves became elongated and converted into fibres’ No 
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doubt the cells do exercise a controlling influence on fibre-formation 
in their neighbourhood, but it is extremely doubtful whether they 
ever become fibres. The formation of fibres is now believed to be 
intercellular. Some of the fibres formed are of the white, others 


Cs 
NSS 









7 ia Ty Toe ate” Sm See a ule ett 
formed by the fusion of tlastic granules. (Ranvier) 

of the yellow variety. In the case of the elastic fibres, rows of 

granules of elastin are first deposited ; these joining together in 

single or multiple rows form the long fibres: traces of this are 

seen in transverse markings occasionally noticeable in the larger 

elastic fibres, 


Fibrous Tissue. 


This is a kind of connective tissue in which the white fibres 
predominate ; it is found in tendons and ligaments, in the 





Fig. 6o.—Mature white fibrous thewo of tondon, consisting mainly of titres with a few 
eonttered fusiform cells. (Btrieker.) 
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periosteum, dur mater, true skin, the sclerotic coat of the eye, 
and in the thicker fasci@ and aponeuroses of muscle. 





Mie. .—Cundal tendon of young rat showing the arrangement, form, and structar of 
‘The tissue is one of great strength ; this is conferred upon it 
by the arrangement of the fibres, the bundles of which ran 
parallel, union here, as elsewhere, 
giving strength. Tho fibres of the 
same bundle now and then intersect 
each other. ‘The cells in tendons 
(fig. 61) are forced to take up a 
similar orderly arrangement, and are 
arranged in long chains in the 
ground substance separating the 
bundles of fibres, and are more or 
less regularly quadrilateral with large 
round nuclei containing nucleoli, 
which sre generally placed so as to 
be nearly contiguous in two cells. 
Ewch of these cells consists of a 
thick body, from which processes 
pass in various directions into, and a 
brian fill up the spaces between, gre como the aio 
les of fibres. The rows septa, und branched connective: 

of cells aro separated from one — Ynieetn'fhetnwine ennesnt 
another by lines of cement substance, the tendinous bunilew tn. trans. 
‘The cells are generally marked by =" betes Oe 
one oF more lines or stripes when viewed longitudinally. This 
appearunee ix really produced by the wing-like processes of the 
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cell, which project away from the chief part of the cell in different 
directions. ‘These processes not being in the same plane as the 
body of the cell are out of focus, and give rise to these bright 
stripes when the cells are looked at from above and are in focus. 
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Pig. 5 —Cell spaces of tendon, brought into view by treatment with ailver nitrate, 
Tart scnaice) 










The branched character of the cells is seen in transverse section 
in fig. 62. 

‘The cell spaces in which the cells lie are in arrangement like 
the cells; they can be brought into relief by staining with silver 
nitrate (see fig. 63). > 


Elastic Tissue. 


This is a form of connective tissue in which the yellow or 
elastic fibres predominate. ‘The yellow fibres are langer than those 
found in areolar tissue (see fig. 64), 
and are bound into bundles by 
arcolar tissue. It ix found in the 
ligamentum nuch@ of the ox, horse, 
and many other animals; in the 
ligamenta subflava of man; in the 
arteries and veins, constituting the 
fenestrated coat of Henle; in the 
lungs and trachea; in the stylo- 
hyoid, thyro-hyoid, -and crico-thy- 
roid ligaments; in the true yocal 
cords, 

Structure.—Elastic tissue occurs 
in various forms, from a structure- 
less, elastic membrane to a tissue 
As whose chief constituents are bundles 
? of fibros crossing each other at 
ae aiff t angles ; when seen jn 

bundles elastic fibres are yellowish 
in colour, but individual fibres are not so distinctly coloured, The 
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larger elastic fibres are often transversely marked, indicating their 
Pecos oa transverse section are seen to 
bo angular (fig. 65). 

Elastic being extensible and elastic (fe., recoiling after 
‘it has been strotehed), has a most important use in assisting mus- 
cular tissue in a mechanical way, and so 
lessening the wear and tear of such A325, 


human vertebral column it assists in 


the maintenance of the erect posture; 0 po? 
in the ligamentum nuchw in the neck “Ip 


of quadrupeds it assists in the raising 


of the head and in keeping it in that %% 
position, In the arterial walls, and in a oe 
the air tubes and lungs, it has o G0 


similar important action, as we shall 
see when discussing the subjects of 4 ‘of Lig. nuchon, show= 
the circulation and Tog gn of oe RM: 
We now come to those forms of con- 
nective tissue in which the cells rather than the fibres are most 
prominent. C 
Adipose Tissue. 


Distribwtion.—In almost all regions of the human body a 
larger or smaller quantity of adipose or fatty tissue is present ; 
the chief exceptions being the subcu- 
taneous tissue of the eyelids, penis and 
scrotum, the nymph, and the cavity 
of the cranium. Adipose tissue is also 
absent from the substance of many 
organs, as the lungs and liver. 

Adipose tissue is almost always 
found seated in areolar tissue, and 
forms in its meshes little masses of 
unequal size and frregular shape, to 
which the term /obules is commouly 

fat-celle of 


ied. Fig. 66.—Ordinary 
Bt the microscope [loi > ls pam 
adipose tissue is. found to consist - 
essentially of little vesicles or cells which present dark, sharply- 
defined edges when viewed with transmitted light: they are 
about shy Or ety of an inch in diameter; each consists of a 
structureless and colourless membrane or bag formed of the 
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remains of the original protoplasin of the cell, filled with fatty 
matter, which is liquid daring life, but is in part solidified (or 





Fig. 67.—Group of fatcells (vv) with capillary vousels (c). (Noble Smith.) 


sometimes crystallised) after death. A nucleus is always present 
in some part or other of the cell-protoplasm, but in the ordinary 
condition of the cell it is not easily or always visible (fig. 67). 





Fig. (&-—Wloodveasels of adipene tinue. 4. Minute fattened fat-lobule, in which the 
Ferscla only are represented.* a, the terminal artery ; , the priuitive veins 8, the 
int-resicles of one barder of tho lobule. separa resented. x 100, m, Yan 
of the arrangemont of the capillaries (c) on the exterior of the vesicles; more highly 
magnified. (Todd and Bowman.) 





‘This membrane and the nucleus can generally be brought into 
view by staining the tissue: it can be still more satisfactorily 
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cells are surrounded by capillary blood-vessels (fig. 68) ; 
paseo ny a Ee 
tissue. 


veloped from connective-tissue 
corpuscles ; connective - tissue 
cells may be found exhibiting 


fat-cell. process of develop: 
ment is as follows: a few small 





this gradually increases in size u 
fat the expense of the original Fever: i Ruska ot a grarie 
protoplasm of the cell, which iawn tena OfeCartayd 
- becomes correspondingly dimi- 
hished in quantity till in the mature cell it only forms a thin film, 
with « flattened nucleus imbedded i its substance (fig. 66). 

Vessels and Nerves.—A large number of blood-yessels are 
found in adipose tissue, which subdivide until each lobule of fat 
contains « fine meshwork of capillaries ensheathing each individual 
fat-oell (fg. 68). Although nerve fibres pass through the tissue, 
vo nerves have been demonstrated to terminate in it. 

The Uses of Adipose Tissue.—Among the uses of adipose 
tissue these are the chief :— 

a, It serves ax a store of combustible matter which may he 
realworbed into the blood when occasion requires, and, being 
weet up in the metabolisin of the tissues, helps to preserve the 


heat of the body. 
4. Part of the fat which is situated beneagh the-ekin must, by 
ae. 8 
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7s. 
its want of conducting power, assist in soviet i i weed 
the heat of the body by escape from the surface, 
¢ As a packing material, ee er, 
‘spaces, to form a soft and yielding yet clastic material wherewi 
to wip tender and delicate structures, or form a bed with like 


Fig. 90—Branched connortivetianue corpuscles, developing inte fat-cells. (1hein.) 


qualities on which such structures may lie, not endangered by 
pressure. As examples of situations in which fat serves such 
purposes may be mentioned the palms of the hands and soles of 
the feet and the orbits. 

d. In the long bones fatty tiksue, in the form known as yellow 
marrow, fills the medullary canal, and supports the small blood- 
vessels which are distributed from it to the inner part of the 
substance of the bone. 


Retiform Tissue. 


Retiform or reticular tissue is a kind of connective tissue in 
which the ground substance is of more fluid consistency than 





Jig. gtorHetiiorm Liewe from « lymphatic gland, from « ecotion which has been treated 
abe ‘with dilute potash. (Sehifer.) 





om, tv.) LYMPHOID) TISSUE. 5t 


elsewhere. There are few or no clastic fibres in it, but the white 
fibres run in very fine bundles forming a close network. The 
bundles are covered and concealed by flattened connective-tissue 
corpuscles. When these are dissolved by dilute potash, the fibres 
are plainly seen (fig. 71). 


Adenoid or Lymphoid Tissue. 


‘This is retiform tissue in which the meshes of the network are 
largely oceupied by lymph corpuscles, These are in certain foci 
actively multiplying ; they get into the lymph stream, which 
washes them into the blood, where they become the colourless 


Fie: Ze.-Past of » stion of lymphatic sland, from which the co 
joved, showing the supporting retiform tin 


Tp It is found in the lymphatic glands, t 
tonsils, in the follicular glands of the toy 

and in the solitary glands of the intestines 
corpuscles of the spleen, and under the epithelium 
inucous membranes. 


Basement Membranes. 


These are homogencows in 
the epitheliun: of « mucow 
neotive tissue. They are ge y forn 
tissue corpuscles joined together bby their 











Se ae ee eee 


Jolly-like Connective Tissue, 


We have now considered connective tissues in which fibres of 
one or the other kind predominate, and some in which the cells 





aje~Tisaue of the f Wharton from 
me a ‘cord. 1 Gr core 





is called jelly-like connee- 
tive tissue. The cells and 
fibres scattered through it 
are few and far between, 
Tt is found largely in the 
embryo, notably in the 
Whartonian jelly, which 
surrounds and protects the 
blood-vessels of the um- 
bilical cord, In the adult 
it is found in the vitreous 
humour of the eye. 


Various points in the structure of the tissue are illustrated in 


figs. 58 (p. 43) and 73. 


The occurrence of large quantities of ground substances in 
such tissues has enabled physiologists to examine its chemical 
nature. Its chief constituents are water, and one or more 
varieties of mucin, with traces of proteid and mineral salts. 


‘The forogoing tissues are sometimes called the counective tissues proper. 
The remaining members of the conuective-tissue group we shall reserve for 


the next chapter. 
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CHAPTER V. 
THE CONNKCTIVE TISSUES (continued), 
Canttragn, Bors, Teens, Broon. 


Cartilage. 
Canninace is px termed gristle, It may be divided into 
two chief kinds : enrtilage ; here the matrix or ground 


substance is clear and free from fibres: Fibro-cartilage ; here the 


e 
a 






curtilage. 6, group of two eas, Beg at fear ett 


WE a Seeetis oe cott wins 9, PY Doak e, raneor: 


matrix is pervaded with connective-tissue fibres; when these are 
of the white variety, the tissue is white Abro-eartilage ; when 
they are of the yellow or elastic variety, the tissue is yellow or 
clastic filro-cartilage. 
Hyaline Cartilage is found in the following places :— 
+. Covering the articular ends of bones; here it is called 

paint cartilage. 

2, Forming tho rib-cartilages ; here it is called costal cartilage. 
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3. The cartilages of the nose, of the windpipe, of the external 
auditory meatus, and the greater number of the laryngeal 
cartilages. 

4. Temporury cartilage ; rods of cartilage which prefigure the 
majority of the bones in process of development. 

Articular cartilage : here the cells are rounded and scattered 
in groups of two and four through the matrix, which is non- 
fibrillated (fig. 74), and much firmer than the ground-substance 











dinary enrtilage orlls; 6 4, those 


Fig. 75.—Seetion of transitional cartilage, 
‘Atir Schifer 


With proceoes 
of the connective tissues proper ; but it is affected in the same 
way with silver nitrate 

In the neighbourhood of synovial membranes, the connective- 
tend into the matrix, the cells are branched 
(transitional cartilage) (fig. 75). 

The next figure (fig. 76) shows the general arrangement of the 
cell.groups in a vert section of articular cartilage. Cartilage ik 
free from blood-vessels, and also from nerves. It is nourished by 
lymph, but canals connecting the cell-spaces are not evident. 

Costal cartilage: here the matrix is not quite so clear, and 
the cells are larger, more angular, and collected’ into larger 
groups than in articular cartilage. Under the perichondrium, « 





tissue fibres of which e 
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fibrous membrane which surrounds the rod of cartilage, the cells 
are flattenod and lie parallel to the surface ; in the deeper parts 
they are irregularly ar- 
ranged; they frejuently 
contain fat (see fig. 77). 


of the nose, larynx and 
trachen (fig. 78) resemble 
costal cartilage. 

Hyaline cartilage in 
many situations (costal, 
laryngeal, tracheal) shows 
a tendency to become 
calcified late in life. 

On boiling, the ground-substance of cartilage yields a material 
called chondvin. This resembles gelatin very closely, and the 
differences in its reactions are due to the fact that chondrin ix 





not a chemical individual, but a mixture of gelatin with varying 
amonnts of mucin-like substances, 

White Fibro-Cartilage occurs — 

1. As tuter-articular fibro-cartilage—e.g., the semilunar carti- 
lagen of the knee-joint. 

2, As circumferential or marginal cartilage, as on the edges of 
the acetabulum and glenoid cavity. 
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3. As connecting cartilage—eg., the inter-vertebral discs, 
4- In the sheaths of tendons aud sometimes in their substance. 


Fig. 99.—White ibro~cartilage. (Cadint.) 





In the latter situation the 
nodule of fibro-cartilage is 
called a sesamoid fibro-car- 
tilage, of which a specimen 
may be found in the tendon 
of the tibialis postieus in 
the sole of the foot, and 
usually in the neighbouring 
tendon of the peroneus 
longus. 

White fibro - cartilage 
(fig. 79) is composed of 
cells and a matrix. The 
latter is permeated by 
fibres of the white 
variety. 

In this kind of fibro- 
cartilage it is not un- 
usual to find portions so 
densely fibrous that no 
cells can be seen; but 


in other parts continuous with these, cartilage-cells are freely 


distributed. 





Pig, to.—Yellow elastic cartilage. (Cadiat.) 


Yellow or Elastic Fibro. 
Cartilage is found in the 
pinna of the external ear, in 
the epiglottis and cornicula 
laryngis, and in the Kusta- 
chian tube. 

‘The cells in this variety of 
cartilage are rounded or oval, 
with well-marked nuclei and 
nucleoli (fig. 80). The matrix 
in which they are seated ix 
pervaded in all directions 
by fine clastic fibres, which 
form an intricate interlace: 
ment about the cells: a 
small and variable quantity 
of non-fibrillated hyaline in- 


tercellular substance is present around the cells. 
Development of Cartilago.—Like other connective tissues, 
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cartilage originates from mesoblast ; the cells are unbranched, 
and the disposition of the colls in fully formed cartilage in 
groups of two, four, &c., is due to the fact that each group has 
it frotn the division of « single cell, first into two, each 
of these again into two, and soon.  Thix process of cell division 
is accompanied with the usual karyokinetic changes. 
Exch cell deposits on its exterior a sheath or capsule; on 


In a yarioty of cartilage | 


mice called cellular cartilage, cells never 
pi and they are parated by 
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origin of the whole matrix, but intercellular material accumulates 
ontside the capsules and still further separates the cells, 

By certain complicated methods of double staining this twofold 
manner of formation may be shown yery markedly, We have 
seen that chondrin obtained by boiling curtilage is really a 
mixture of two substances; one is a mucinoid material, and 
comes from the capsules ; the other is gelatin, which comes from 
the rest of the ground-substance which is collagenous. In hyaline 
cartilage, however, the collagen docs not become precipitated to 
form fibres, but in white fibro-cartilage it does. In yellow fibro- 
cartilage the matrix is pervaded by a deposit of elastin, which 
results in the formation of a network of elastic fibres. 


Bone. 


Chemical composition.—Bone is composed of earthy and animal 
matter in the proportion of about 67 per cent. of the former to 
33 per cent. of the latter. The earthy matter is composed chiefly 
of calcium phosphate, but besides this, there is a small quantity 
{about 1 of the 67 per cent.) of calcium carbonate, calcium 
fluoride, and magnesium phosphate. 

The animal matter is chiefly collagen, which is converted into 
gelatin by boiling. 

The animal and earthy constituents of bone are so intimately 
blended and incorporated the one with the other that it is only 
by severe measures, as for instance by a white heat in one case 
and by the action of concentrated acids in another, that they can 
be separated. Their close union too is further shown by the fact 
that when by acids the earthy matter is dissolved out, or on the 
other hand when the animal part is burnt ont, the shape of the 
bone is alike preserved. 

‘The proportion between these two constituents of bone yaries 
slightly in different bones in the same individual and in the 
same bone at different ages. 

Strueture.—To the naked eye there appear two kinds of strue- 
ture in different bones, and in different parts of the same bone, 
namely, the dense or compact, and the spongy or cancellous tissue. 
Thus, in making a longitudinal section of a long bone, as the 
humerus or femur, the articular extremities are found capped on 
their surface by a thin shell of compact bone, while their interior 
is mado up of the spongy or cancellous tissue. ‘The shaft, on the 
other hand, is formed almost entirely of a thick layer of the com- 
pact bone, and this surrounds a central canal, the medullary 
cavity—so called from its containing the medulla or marrow, 
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In the flat bones, as the parictal bone or the seapnla, one layer 
of the cancellous structure lies between two layers of the compact 
timsne, and in the shortand irregular bones, as those of the earpas 
and farexs, tho cancellous tissue fills the interior, while a thin 
shell of compact bone forma the outside. 

Marrow.—There are two distinet varieties of marrow—the red 
and yellow. 

Red marrow is that variety which occupies the spaces in the 
cancellous tissue; it is highly vascular, and thus maintains the 
nutrition of the spongy bone, the interstices of which it fills, It 
contains a few fat-cells and a large number of marrow-cells, many 
of which are undistinguishable from lymphoid corpuscles, and hos 
for a basis a small amount of areolar tissue. Among the cells are 


e 





‘of the guinea: 
to be partly divided 
an runce of being constricted into: 
it cell, or myel 

se, proper calls of 





some nucleated cells of the same tint as coloured blood-corpuscles. 
There are also a few large cells with many nuclei, termed giant 
cells or myeloplases (fig. 82). 

Yellow marrow fills the medullary cavity of long bones, and 
consists chiefly of fat-cells with numerous blood-vessels ; many of 
its cells also are in every respect similar to lymphoid corpuscles. 

From these marrow-cells, especially those of the red marrow, 
are derived, ss we shall presently sec, large quantities of red 
blood-corpuscles, 

Periosteum and Nutrient Blood-vessels.—The surfaces of 
hones, except the part covered with articular cartilage, are 
clothed by a tough, fibrous membrane, the periosteum ; and it is 
from the blood-vessels which are distributed in this membrane, 
that the bones, especially their more compact tissue, are in great 
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part supplied with nourishment; minute branches from the 
periosteal vessels enter the little foramina on the surface of 
the bone, and find their way to the Haversian canals, to be 
immediately described. The long bones are supplied alto by a 
proper nutrient artery which, entering at some part of the shaft 
80 as to reach the medullary cavity, breaks up into branches for 
the supply of the marrow, from which again small vessels are 
distributed to the interior of the bone. Other small blood- 





Fig. 8).—‘Transverse seotion of compact bony tisue(of humerus). ‘Three of the Haversian 
‘canals are meen, ir conomntric Tings; also the lacunm, with the canaliculi 
‘extending from them across the direction of the lamellve‘The Haversian apertures 
vers filet with air and débris tn grinding down the section, und therefore appear 

‘black fn the which te the object na viewed with iransmitted light, 

Maversian systems are so ‘Daoked in this seetion, that scarcely any vaterstitiat 

Iamellae are visible, 150, yD 


vessels pierce the articular extremities for the supply of the 
cancellous tissue, 

Microscopie Structure of Bone. —Notwithstanding the differences 
of arrangement just mentioned, the structure of all bone is found 
under the microscope to be essentially the same. 

Examined with a rather high power its substance ix found to 
contain multitude of small irregular spaces, approximately fusi- 
form in shape, called facunce, with very minute canals or canali- 
euli leading from them, and anastomosing with similar little 
prolongations from other lacuna (fig. 83). In very thin layers 
of bone, no other canals but these may be visible; but om 
making a transverse section of the compact tissue as of a long 
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bone, ¢.g., the humorus or ulna, the arrangement shown in fig. 83 
can be seen. 

‘The bone seems mapped out into small circular districts, at or 
about the centre of each of which is a hole, around which is an 
appearance as of concentric layers ; the facune and canaliculi 
follow the same concentric plan of distribution around the small 
hole in the centre, with 
which indeed they com- 
municate, 

On making a longitu- 
dinal section, the central 
holes are found to be 
simply the cut extremi- 
ties of amall canals which 
run lengthwise through 
the bone, anastomosing 
with cach other by lateral 
branches (fig. 84); these 
canals aro called Haver- 
wian canals, after the 
name of the physician, 
Clopton Havers, who 
firstaccurately described 
ther. 

The Haversian 
canals, the average 
dinmetar of which is. ogden 
eke Of an inch, contain (Mollett) 
blood-vessels, and by 
means of them blood is con l to all, even the densest parts of 
the bone; the minute cunaliculi and lacunw take up the lymph 
exuded from the Haversian blood-vessels and convey it to the 
substance of the bone which they traverse. 

The blood-vessels enter the Haversian canals both from with- 
out, by traversing the small holes which exist on the surface of 
all bones beneath the periosteum, and from within by means of 
small channels which extend from the medullary cavity, or from 
the cancellous tissue, The arteries and veins usually occupy 
sepanste canals, and the veins, which are the larger, often present, 
at irregular intervals, small pouch-like dilatations. 

The lacune are oceupicd by branched cells, which are called 
tome-cells, or bone-corpuscles (fig. 85), which very closely resemble 
the ordinary branched conncctive-tissue corpuscles ; each of these 
little masses of protoplasm ministers to the uutrition of the 
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immediately surrounding it, and one Tacunar 
icates with another, and with its 


oceupy the 
It will be seen from the 


insue, 
stance of which is impreg- 
nated with lime salts. The 
bone-corpuscles with ‘a | 
lacune and 
correspond exactly to the 
connective-tissue corpuscles 
lying in branched spaces. 
Bono.—In the shaft of a 
we Lone three distinct sets of lamellw can be clearly recognised. 
1, Cirownferential lamelle ; which 
are most easily traceable jast beneath 
the periosteum, and around the 
medullary cavity, forming around the 
latter a series of concentric rings. At 
a little distance from the medullary 
and periosteal surfaces (in the deeper 
portions of the bone) they are more or] 
loss interrupted by 
2. Haversian lamellae, whieh 
concentrically arranged around 
Haversian canals to the number 
six to cighteen around each. 
Ta —Thte iteoed oe. hie 3. Interstitial lamella, which 
tour ehh neet the systems of Haversian lam: 
Giheofeimeibeteebeter filling the spaces between them, 
New of the object wen held aay P 
consequently attaining their 
a ment where the Have 
systems are few, and pice verad. 
The ultimate structure of the lamelle is fibroux Tf 
film be peeled off the surface of a bone, from which the 


We. at where Lape wi 
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matter has beon removed by acid, aud oxamined with « high 
power of the microscope, it will be found composed of very 
ryan deoussating | Dlink ecient tba pects 
as if here the fibres were fused rather than woven 
peters 86). These are called the intercrossing fibres of 
Sharpey ; they correspond to the white fibres of connective tissue 
and form the source of the gelatin obtained by boiling bone, 
Tn many cases, as in the parietal bone, the Jamelle are per- 
forated by tapering fibres called the perforating fibres of Sharpey, 
resembling in character 


of view of theirdevelop- 
ment, all bones may be 
subdivided into two 


classes -— 

(a.) Those which are : 
ossified directly or from aoe ad pod 000 gen epeetaly 
the first in a fibrous ‘Thowwsn.) =) 
membrane afterwards 
a the periosteum—ey., the bones forming the vault of the 

parietal, frontal, and a certain portion of the occipital 
hae 


(é.) Those whose form, previous to ossification, is laid down in 
Ayaline cartilage—eg., humerus, femur, 

The process of development, pure and simple, may be best 
studied in bones which are not preceded by cartilage— 
drane-formed (e9., parictal); and without a knowledge 
process (ossification in membrane), it is impossible to understand 
the much more complex series of changes through which such 
a structure as the cartilaginous femur of the fastus passes in its 
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transformation into the bony femur of the adult (ossification in 
cartilage). 

Ossification in Membrane.— The membrano, afterwards 
forming the periosteum, from which such a bone as the parietal 
is developed, consists of two layors—an external brows; and) an 
internal ceddular or Hie, 

‘The external layer is made up of ordinary fibrous tissue. The 
internal Iayor consists of a network of fine fibrils with « large 
number of nucleated cells (osteoblasts), some of which are oval, 
others drawn out into long branched processes: it is more richly 
supplied with capillaries than the outer layer. It is this portion 
of the periosteum which is immediately concerned in the formation 
of bone. 

In such @ bone as the parietal, ossification is preceded by an 
increase in the vascularity of this membrane, and then spicules, 
starting from a centre of ossification near the centre of the future 
bone, shoot out in all directions towards the periphery. These 
primary bone spicules consist of fibres which ure termed osteo- 
genetic fibres ; they are composed of a soft transparent substance 
called osteogen, around and between which calcarcous granules are 
deposited. The fibres in their precalcitied state are likened to 
bundles of white fibrous tissue, to which they are similar in 
chemical composition, but from which they differ in being stiffer 
and less wavy. ‘The deposited granules after a time become so 
numerous as to imprison the fibres, and bony spiculw result, By 
the junction of the osteo-genetic fibres and their resulting bony 
spicules a meshwork of bone is formed. The osteo-geuetic fibres, 
which become indistinct as calcification proceeds, persist in the 
lamelle of adult bone as the intercrossing fibres of Shaxpey. 
‘The osteoblasts, being in part retained within the bony layers 
thus produced, form bone-corpuscles. On the bony trabeculie 
first formed, layers of osteoblastic cells from the osteogenetic 
layer of the periosteum repeat the process just described ; and ax 
this occurs in several thicknesses, and also at the edges of the 
spicules previously formed, the bone increases, both in thickness, 
length and breadth. The process ix not completed by the time 
the child ix born ; hence the fontanelles or still soft places on the 
heads of infants. Fig, 88 represents a small piece of the 
growing edge of a parietal bone. 

The bulk of the primitive spongy bone is in time converted 
into compact bony tissue, with Haversian systems. ‘Those portions 
in the interior not converted into bone become filled with the red 
marrow of the cancellous tissue. 


Ossification in Cartilage. 





















Jnder this heading, taking the 
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femur or any other long bone as an example, we have to consider 
the ae by which the solid cartilaginous rod which represents 
the in the fastus ia converted into the hollow cylinder of 
compact bone with expanded ends formed of cancellous tissue of 
which the adult bone is made up. We must bear in mind the 
fact that this fostal cartilaginous femur is many times smaller than 
even the medullary cavity of the shaft of the mature bone, and, 
therefore, that not a trice of the original cartilage can be prevent 





s.—Part of growing edge of the developit riotal bi tm fcotal eat. h 

Te Seer epiean eth Sosa of te ones Testes tn then, producing the tans 
hf ‘fibres wing the spicules with osteoblasts (or between tham and 
pplied to them, (G, Lawronoe,) 


in the femur of the adult. Its purpose is indeed purely tem- 
porary; and, after ita caleification, it is gradually and entirely 
absorbed. 


The cartilaginous rod which forms the precursor of a fetal long 
‘bone is sheathed in a membrane termed the perichondrium, which 
exactly resembles the periosteum described above ; it consists of 
two layers, in the deeper one of which spheroidal and branched 
cells predominate and blood-vessels abound, while the outer layer 
consists mainly of fibres. 

Between the cartilaginous prefigurement of which the fwtal 

xP, ® 
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Fig. fo. —Beotion of two fintal phalanges; the car- 
‘diego enlarged and 


lls in the centre 


from onn another by calcified mantrix. 
fm, layer of bone deposited under the perios~ 
tevin. 6, layer of osteoblasts by whic) 

layer van formed. The rows of cartilageoelle 
faze seen on each side of the contre of enlcifica- 
tion, In A, the terminal phalanx, the changes 
Degin at the tip, (After Dixey.) 








long bone consista and 
the adult bone there 
are several intermediate 
stages. 

The process may, how- 
ever, be most conveniently 
deseribed as occurring in 
three principal stages, 

The first stage consists 
of two sets of changes, one 
in the cartilage, the other 
under the perichondrium, 
These take place side by 
side. In the cartilage the 
cells in the middle* be- 
comeenlargedand separated 
from one another. The car- 
tilage-cells on each side get 
arranged in rows in the 
direction of the extremities 
of the cartilaginous rod. 
If at this stage one cuts 
the little embryonic bone 
with a knife, the knife en- 
counters resistance, and 


* there is a sensation of 


grittiness, This is due to 
the fact that calcareous 
particles are deposited in 
the matrix; and in conse. 
quence of this the matrix 
stains differently with his- 
tological reagents from the 
unaltered matrix. Simul- 
taneously with this, the 
periosteal tissue is forming 
layer after layer of true 
bone ; this is formed exactly 
in the same way as in 


* This is the case in nearly 
all the long bones, but in the 
terminal phalanges the change 
occurs first, not in the middle 
but at their distal extremities 
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such a bone ax the parietal; by the agency of the usteoblasts, 
osteogenic fibres, and then spicules of bone, are formed by deposit 
of calcareous matter. Ax the layers are formed, some of the 
osteoblasts get walled in between the layers, and become bone 
cells, 

Tn the later part of this stago the calcareous deposit between 
the eartilage-colls cats them off from nutrition, and they in con- 


ir 


tid 


i) 


An 





- 90. —Oraiflention in cartilage showing stage of irruption, ‘The shrunken cartilage-celle 
TEE geen bo tee timmy. srscim, Al vr'cn trvupton of the wubperionieal Unies hes 
‘penetznted the eubperiontenl bony crust. (After Lawrenos.) 


sequence waate, leaving spaces that arc called the primary areola. 
The caleareous deposit creeps up between the rows of cartilage- 
cells, enclosing them in calcified boxes containing one, two, or 
more cells each. The wasting of the cells leads here also to the 
formation of primary areolie. 

We may roughly compare the two sets of cells engaged in the 
process to two nies of settlers in a new country, The cartilage 
cells constitute one race, and so successfully build for themselves 
calcareous homes as to be completely boxed up; so they waste 

¥2 
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and disappear, leaving ouly the walls of their home enclosing the 
spaces called primary areole. The osteoblasts, the other race of 
cells under the perichondrium, are forming layers of true bone in 
that situation. Some, it is true, get walled in in the process, and 
become bone-corpuscles, but the system of intercommunicating 
lacuna and canaliculi maintains their nutrition. 

These two races are working side by side, and at first do not 
interfere with cach other. But soon comes a declaration of war, 
and we enter upon the second stage of ossification, which is very 
appropriately called the stage of irruption (fig, 90). Breaches 
eceur in the bony wall which the osteoblasts have built like a 
girdle round the calcifying cartilage, and through these the peri- 
chondrial tissue pours an invading army into the calcified cartilage, 
This consiste of osteoblasts, the bone formers ; osteoclasts, or the 
bone destroyers; the latter are large cells, similar to the myelo- 
plaxes found in marrow (fig. 82). There are also a few fibres, 
and a store of nutrient supply in the shape of blood-vessels. 

Having got inside, the osteoclasts set to work to demolish the 
homes of the cartilage-cells, the walls of the primary areolw, and 
thus lange spaces are formed, which are called the secondary areoler, 
or the medullary spaces. On the ruins of the calcified cartilage the 
osteoblasts proceed to deposit true bone in layers, just as they 
were wont to do in their own country, under the periosteum. 

The third stage of ossification is a repetition of these two stages 
towards the extremities of the cartilage. The curtilage-cells get 
flattened and arranged in rows; caleareous deposit occurs around 
these, and primary areole result ; then follows the advance of the 
subperiosteal tissue, the demolition of the primary areolie, the 
formation of secondary areolw, and the deposit of true bone. At 
the same time, layer upon layer is still being deposited beneath 
the periosteum, and these, from being at first a mere girdle round 
the waist of the bone, now extend towards its extremities. 

‘The next figure (fig.g1) it @ magnified view of the line of advance. 

Tho bone which is first formed is less regularly lamellar than 
that of the adult. The lamellw are not deposited till after birth, 
and their formation is preceded by a considernble amount of 
absorption. ‘To carry our simile further, the osteoblasts are not 
satisfied with the rough constructions that they were first able to 
make, but having exterminated the cartilage, they destroy (again 
through the agency of the regiment of giant osteoclasts) their 
first work, and build regular lamelle, leaving lacunw for the 
accommodation of those who desire to retire from active warfare. 

About this time, too, the marrow cavity is formed by the 
absorption of the bony tissue that originally occupied the centre 
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of the shaft. Here the osteoclasts have again to do the work, 
\y pares Wanita act of destruction, all remains of any calcified 


cartilage of the fatal bone entirely disappear. 

‘The formation of a so-called cartilage bone is thus, after all, « 
formation of bone by subperi 

tissue, just a8 it is in the socalled F > SHS eZe 
membrane bone. Bprtez 252 
After a time the cartilage at the 3S 8€ 2 25S 
ends of the shaft begins to omify = 25> S252 
independently, amd the epiphyses See 22: = 
are formed. They are not joined S oS 222 
on to the shaft till late in lif, so SSNS SS 
that growth of the bone in length <2 = SS S 
can continue till union takes place. Sf SS SSS 


A) 
I) 


0 
ogy 


; 


Bone grows in width by the | 
deposition of layers under the perios- RS 
teum, like successive rings formed 


‘This was shown long before the 
histological details which we have 
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When killed later, the 
rings were completely covered in by 
bone; and in the animals killed 
last, were even found in the central 
cavity. Another series of oxperi- 
ments with pigs was made by the at 4 
celebrated John Hunter. ‘The young ior ait itor 
animals were fed alternately on — Solumne, of sartilageodin. = 
ondinary food and food dyed by the — SMKCla 0. semmdary arwolie, 
red pigment madder. Thenew bony 
tissue acts like what dyers called a ‘‘ mordant”: it fixes the dye, 
and the rings of bone deposited during the madder periods were 
distinctly red in colour. 

‘The importance of the periosteum in bone formation is now 
recognised by surgeons. When removing a piece of bone they 
are careful, if possible, to leave the periosteum behind = this leads 
to regeneration of the lost bone, If it is absolutely necessary to 
remove the periosteum, successful cases have occurred in which 
the living periosteum from an animal has effectively been 
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The Toeth. 


During the course of his life, man, in common with most other 
mammals, is provided with two sets of teeth ; the first set, called 
the temporary or milk-teeth, makes its appearance in infancy, 
and is in the course of 
a few years shed and 
replaced by the second 
or permanent set. 

The temporary or 
milk-teeth have ouly 
a very limited term of 
existence. 

They are ten in num- 
ber in each jaw, namely, 
on either side from the 
middle line two incisors, 
cone caning, and two de- 
ciduous molars, and are 
replaced by ten perma- 
nent teeth. The num- 
Fig. g2— Normal welleformed jaws, from which the ber of permanent teeth 

Iveolar plate has been in great part removed, #0 i, each jaw is, however, 
‘ay 40 expono the developing permanent teoth in | A 
‘their crypt in the jaws, (Tomes,) increased to sixteen by 
the development of three 
molars on each side of the jaw, which are called the permanent 
or true molars. 

The following formula shows, at a glance, the comparative 

arrangement and number of the temporary and permanent teeth :— 





Temporary Teeth. 


Mippix Lixe ov Jaw. 


MOLARS. CAXINE. INCISORS. | INCIFONE, —-CANTIE. 
2 1 2 2 1 
2 1 2 2 1 





Permanent Teeth. 


Minpis Lise ov Jaw, 





mrouartps 
RoE 
OR PRE- CARINE. INCISORS, | ExCTRONS. CANTER 
wouann OnE 
3 2 1 2 2 I 
3 2 1 2 > 1 2 3 
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it child. They differ from them, however, in some 
respects, the temporary molars having a stronger likeness to the 
than to their immediate descendants the so-called 

bicuspids, besides occupying more space in the jaws. 
incisors and canines differ from their successors 
but little except in their smaller size and the abrupt manner in 
which their enamel terminates at the necks of the teeth, forming 
a ridge or thick edge. Their colour ik more of a bluish white 

than of a yellowish shade. 

‘The following tables show the average times of cruption of the 
‘Temporary and Permanent teeth. In both cases the eruption of 
any given tooth of the lower precedes, as « rule, that of the 
corresponding tooth of the upper jaw 


Temporary or Milk Teeth. 
‘The Agures indicate in months the age at which eacl tooth appears, 


‘DearDUOUS 
womans. rose 
xOLARH, 





Permanent Teeth, 
The age at which exch tooth is cut is indicated 








The times of eruption given in 
approximate ; the limits of normal vari 
Certain diseases affecting the bony skeleton, 
the eruptive period considerably. 

Tt is important to notice that it is o 
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the other teeth ; cases of whole families in which their absence is 
a characteristic feature are occasionally met with. 

When the teeth are fully erupted it will be observed that the - 
upper incisors and canines project obliquely over the lower front 
teeth and the external cusps of the upper bicuspids and molars lie 
outside those of the corresponding teeth in the lower jaw. This 
armngement allows to some extent of a scissor-like action in 
dividing and biting food in the case of incisors; and a grinding 
motion in that of the bicuspids and molars when the side to side 
movements of the lower jaw bring the external cusps of the lower 
teeth into direct articulation with those of the upper, and then 
cause them to glide down the inclined surfaces of the external 
and up the internal cusps of these same upper teeth during the 
act of mastication. 

‘The work of the canine teeth in man is similar to that of his 
incisors. Besides being « firmly implanted tooth and one of 
stronger substance than the others, the canine tooth is important 
in preserving the shape of the angle of the mouth, and by. its 
shape, whether pointed or blunt, long or short, it becomes a 
character tooth of the dentition as a whole in both males and 
females, 

Another feature in the fully developed and properly articulated 
set of teeth is that no two teeth oppose each other only, but each 
tooth is in opposition with two, except the upper Wisdom, usually 
a small tooth. ‘This is the result of the greater width of the 
upper incisors, which so arranges the “bite” of the other teeth 
that the lower canine closes in front of the upper one. 

Should a tooth be lost, therefore, it does not follow that its- 
former opponent remaining in the mouth is rendered useless and 
thereby liable to be removed from the jaw by a gradual process 
of extrusion commonly seen in teeth that have no work to perform 
by reason of absence of antagonists. 


Structure of a Tooth. 


A tooth is generally described as possessing a crown, neck, and 
root. 

The crown is the portion which projects beyond the level of the 
gum. The neck is that constricted portion just below the crown 
which is embraced by the free edges of the gum, and the root 
includes all below this. 

On making longitudinal and transverse sections through its 
centre (figs. 93, 94), @ tooth is found to be composed of a hard 
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material, dentine orivory, which is moulded around a central cavity 
which resembles in general shape the outline of the tooth; the 


snoesaseeeeene Dentine. 


_Peciosteum: 
nsssee of alveolus, 
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cavity is called the pulp cavity from its containing the very 
vascular and sensitive pulp. 

The footh-pulp is composed of loose connective tissue, blood- 
vessels, nerves, and large numbers of cells of varying shapes, ¢.g., 
fusiform, stellate, and on the surface in close connection with the 
dentine a specialised layer of cells called odontoblasts, which are 
elongated columnar-looking cells with a large nucleus at the 
tapering ends farthest from the dentine. 

‘The blood-vessels and nerves enter the pulp through a small 
opening at the apical extremity of each root. The exact termina- 
tions of the nerves are not definitely known. They have never 





Fig. os.—Section of « portion of the dentine and cement from the middle of the root of ax 
incisor tooth, a, dentinal tubules ramifying and terminating, some of them in the inter- 
globular spaces 6 and ¢; d, inner Inyer of the cement with numervus clowely set 
Ganuliculi; ¢, outer layer of coment; /; lacunm ; g, canaliculi, x 350, (KOlliker,) 


been observed to enter the dentinal tubes. No lymphatics have 
been seen in the pulp. 

A layer of very hard calcareous matter, the enamel, caps that 
part of the dentine which projects beyond the level of the gum ; 
while sheathing the portion of dentine which is beneath the level 
of the gum, is a layer of true bone, called the cement or crusta 
petrosa, 

At the neck of the tooth, where the enamel and cement come 
into contact, each is reduced to an exceedingly thin layer; here 
the cement overlaps the enamel and is prolonged over it. On 
the surface of the crown of the tooth, when it first comes through 
the jaw, isa thin membrane called Nasmyth’s membrane, or the 
cuticle of the tooth, The covering of enamel becomes thicker 
towards the crown, and the cement towards the lower end or apex 
of the root. 





Dentine or Ivory. 


Chemical composition.—Dentine closely resembles bone in 
chemical composition. It contains, howeyer, rather less animal 
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» 
; the proportion in a hundred parts is about twenty-eight 
its seventy-two of earthy matter, The Ski fea 
matter of bone, may be converted into gelatin by boiling. 
‘Tt also aetna fat. The earthy matter is made up 
| eRsaliy clialicaly Phosphate, with a small portion of the carbonate, 
and traces of ealeium fluoride and magnesium 

Structure,—Unier the microscope dentine is seen to be finely 
cbannelled by a multitude of delicate tubes, which by their inner 
ends communicate with the pulp-cavity, and by their outer ex- 
tremities come into contact with the under part of the enamel and 


| cement, and sometimes even penetrate them for a greater or less 
distance (figs. 95,97). The matrix in which these tubes lie is 





A.—Pnamel frrements 0 transwornely-striated 
PS ind ltd th edie hrarecblents eck. Th sertane of acasell heat 


on ‘aula of the bres with darker centres. x 3s0. 
(Kalliker.) 
eon] of “a reticulum of fine fibres of connective tixsue modi- 


fied by calcification, and where that process is complete, entirely 
hidden by the densely deposited lime salts” (Mummery). 

In their course from the pulp-cavity to the surface, the minute 
tubes form gentle and nearly parallel curves and divide and sub- 
divide dichotomously, but without much lessening of their calibre 
until they approach their peripheral termination. 

From their sides proceed other exceedingly minute secondary 
canals, which extend into the dentine between the tubules and 
anastomose with each other. The tubules of the dentine, the 
average diameter of which at their inner and larger extremity is 
vive Of au inch, contain fine prolongations from the tooth-pulp, 
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which give the dentine a certain faint sensitiveness under ordi- 
nary circumstances and, without doubt, have to do also with 
ita nutrition. These prolongations from the tooth-pulp are 
processes of the dentine-cells or odontoblasts which are columnar 
cells lining the pulp-cavity ; the relation of these processes to the 
tubules in which they lie is precisely 
‘similar to that of the processes of the bone- 
corpuscles to the canaliculi of bone. The 
outer portion of the dentine, underlying 
the cement, and the enamel to a much 
lesser degree, forms « more or less distinct 
layer termed the granular or interglotular 
layer (fig. 95). It is characterised by the 
presence of a number of irregular minute 
cell-like cavities. The explanation of these 
will be seen when we study the develop- 
ment of a tooth. 


Enamel, 

Chemical composition. — The enamel, 
which is by far the hardest tissue in the 
body, is composed of the same inorganic 
compounds that enter into the composition 
of dentine and bone. Its animal matter, 
however, amoupts only to about 2 or 3 
per cent,, and does not yield gelatin on 
boiling. According to Tomes it contains 
no animal matter at all. Gelatin is a 
characteristic product of connective tissue, 
and enamel is not a connective tissue, but 

qhamel anda pertot the is epithelial in origin. 

panes Se aha ean Examined under the microscope, enamel 

jasmyth's membrane); = _ "i 

§ eoamel columns with is found composed of six-sided prisms (figs. 

pie ‘clunmr «96, 97) solve Of an inch in diameter, 

farities in the enamel, which are set on end on the surface of the 
re ee dentine, and fit into corresponding depres- 

% 350, (Kalliker,) sions in the same, 

‘They nuiate in such a manner from the 
dentine that at the top of the tooth they are more or less vertical, 
while towards the sides they tend to the horizontal direction. 
Like the dentine tubules, they are not straight, but disposed in 
wavy and parallel curves. ‘The prisms are marked by transverse 
lines and are solid. 


The enamel prisms are connected together by a very minute 
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quseny: of — byaline 
the deeper part 
enamel, 

prisms, 

lacunce, 






and in it are Iscunm (/) 
and canaliculi (g), which 
sometimes communicate 
with the onter finely 
branched ends of the 
dentinal tubules, and 
generally with the inter- 
globular spaces. Its 


bone in possessing no 
Haversian canals, or, 
if at all, only in the 


one of 1 enamel 
thickest part. Such bet per oe Se epittie 


canals are more often 
met with in teeth with 
the cement hypertro- 
phied than in the normal Ehedate ames “nie 





Development of the Teeth. 


The first step in the development of the tecth consists in a 
downward growth (fig. 98, A, 1) from the deeper layer of stratified 
epithelium of the mucous membrane of the mouth, which first 
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becomes thickened in the neighbourhood of the maxille or jaws 
now in the course of formation. This process passes downward 
into a recess of the imperfectly developed tissue of the embryonic 
jaw. ‘The downward epithelial growth forms the common enamel 
or dental germ, and its position is indicated by a slight groove in 
the mucous membrane of the jaw. The next step in the proces: 
consists in the elongation downward of the enamel groove and 
of the enamel germ and the inclination outward of the deeper 
part (fig. 98, 8, 7”), which is now inclined at an angle with the 
upper portion or neck (f), and has become bulbous. After this 
there is an increased development at certain points corresponding 
to the situations of the future milk-teeth, The common enamel 
germ thus becomes extended by further growth into a number 
of special enamel germs 
corresponding to each of 
the above-mentioned milk- 
teeth, and connected to the 
common germ by a narrow 
neck. Kach tooth is thus 
placed in its own special 
recess in the embryonic jaw 
(fig. 98, % £7"). 
As these changes pro 
ceed, there grows up from 
Fe ee Ee ee ee re inact «the underlying connective 
ta tissue into each enamel 











Sdontoblasts ; i pulp 
connective tiasue, ‘The seotion ix «tained with 
earmnine, which colours the uncalettied matrix 
‘but not the oaleitied part. (B.A. Bchiifer.) 





germ (fig. 98, c, p), a dis- 
tinct vascular papilla (den- 
tal papilla), and upon it 
the enamel germ becomes 
moulded, and presents the 


Appearance of a cap of 
two layers of epithelium separated by an interval (fig. 98, 6 J”). 
Whilst part of the subepithelial tissue is elevated to form the 
dental papilla, the part which bounds the embryonic teeth 
forms the dental sac (fig. 98,0, 4); and the radiment of the 
jaw sends up processes forming partitions between the teeth. 
In this way small chambers are produced in which the dental 
sacs are contained, and thus the sockets of the teeth are formed. 
The papilla is composed of nucleated colls arranged in a mesh- 
work, the outer or peripheral part being covered with a layer of 
columnar nucleated cells called odontoblasts. The odontoblasts 
form the dentine, while the remainder of the papilla forms the 
tooth-pulp, 
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‘The method of the formation of the dentine by the odontoblasts 
is given in Anatomy as follows -— 

These cells either by secretion, or as some think by direct 
transformation of the outer part of cach, form a layer of dentinal 
matrix on the apex of the papilla, or if the tooth has more 
than one cusp, then at the apex of cach cusp. This layer is 
firet uncaleified ae’ but globules of calcareous matter 
soon appear in it. 


after layer is mat: each 
extending laterally further 
than its predecessor; the 
layere blend except in some 
places ; here portions of 
odontogen remain, which 
in a tooth macerated for 


(fig. 95), 80 called becanse 
hounded by the deposit of 
calcareous salts, which 
occurs, as we have already 
seen, in theform of globules. 

As the odontoblasts re- 
tire towards the centre, peas h 
depositing layer after layer ‘Outor layer of dental me. x 14. (Thiiorsch.} 
of dentine, thoy leave 
behind them long filaments of their protoplasm around which the 
calcareous deposit is moulded ; thus the dentinal tubules occupied 
by the processes of the odontoblasts are formed. 

‘The other cells of the dental papilla form the cells of the 

. 

Formation of the enamel.—The portion of the enamel or dental 
germ that covers the dental papilla is at this stage called the 
enamel organ. This consists of four parts (see figs. 100 and 
101). 
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1. A layer of columnar epithelium cells in contact with the 
dentine. These are called the enamel cells, or adamanto- 
lasts, 

2. Two or three layers of smaller polyhedral nucleated cells 
the stratum intermedivm of Hannover, 





Fig. ror. Highly magnified ‘view of o piece of the enamel in & keitten's canine 
‘d, superticial layer of dentine. ¢ gowly formed enasmel stained black by omnle acid, 
a ‘Tomes’ processes from the adarnautoblaste. ad, ; rr. dat, stratum intermedium of 


3- A matrix of non-vascular jelly-like tissue containing stellate 

cells. 

4. An outer membrane of several layers of flattened epitheliom 

cells. 

The first three layers om an enlarged scale are seen in fig. 
ol, 

The enamel prisms are formed by the agency of the ends of 
the adamantoblasts which abut on tho dental papilla Each 
forms a fine deposit of globules staining with osmic acid and 
resembling keratin in its resistance to mineral acid. At one 
time it was believed that each ndamantoblast was itself caleified 
and converted into an enamel prism, but this view has been 
disproved by recent research. The layer of keratin-like material 
is outside the bodies of the cells, although a process of each 
adamantoblast extends into it as a tapering fibre (process of 
Tomes), and it is usually produced simultaneously with the first 
layer of uncalcified dentine ; when it undergoes calcification, the 
first layer of enamel is complete. ‘The adamantoblasts then 


| 
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pA al eae nent ee fra nepal cea 
‘this in turn is calcified, and so on. During the 
formation of layer after layer of enamel, the adamantoblasts 
retire, By the time the enamel is approaching completion the 
other layers of the cnamel orgun have almost disappeared, and 

entirely disappear when the tooth emerges through the gum. 
Bat for some little time there is a somewhat more persistent mem- 
brane covering the crown; this is Nasmyth's membrane, or the 
enamel cuticle ; this is the last formed keratinous layer of enamel 
which has remained uncalcified, 

As with the dentine, the formation of enamel appears. first on 
the apex of each cusp. 

‘The cement or crusta petrosa is formed from the internal tissue 
of the tooth sac, the structure and function of which are identical 
with those of the osteogenetic layer of the periosteum ; or, in other 
words, ossification in membrane occurs in it, 

‘The outer layer or portion of the membrane of the tooth sae 
forms the dental peric 

This periosteum, when the tooth ix fully formed, ix not ouly 
A means of attachment of the tooth to its socket, but also in con- 
junction with the pulp a source of nourishment to it, Additional 
taming of cement are added to the root from time to time during 
the life of the tooth (as is especially well seen in the abnormal con- 
dition called an exostosis), by the process of ossification taking place 
in the periosteum, On the other hand, absorption of the root 
(such hs oocurs when the milk-teeth are shed) is due to the action 
of the osteoclasts of the same membrane. 

In this manner the first set of tecth, or the milk-teeth, are 
formed ; and each tooth, as it grows, presses at length on the wall 
of the sac enclosing it, and, causing its absorption, is cut, to use a 
familiar 7 

The temporary or milk-tecth are later replaced by the growth 
of the permanent teeth, which push their way up from beneath 
them. 

Exch temporary tooth ix replaced by a tooth of the permanent 
set which is developed from a small sac which was originally an 
offshoot from the sac of the temporary tooth which precedes it, 
and called the cavity of reserve (fig. 98, ¢, fp). Thus the tom 
porary incisors and canines are succeeded by the corresponding 
permanent ones, the temporary first molar by the first bicuspid ; 
the temporary second molar developes two offshoots, one for the 
second bicuspid, the other for the permanent first molar. The 
permanent second molar is budded off from the first permanent 
molar, and the wisdom from tho permanent second molar, 

xr 6 
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‘The development of the temporary teeth commences about the 
sixth week of intra-uterine life, after the laying down of the bony 
structure of the jaws, Their permanent successors begin to form 
about the sixteenth week of intra-uterine life. The second 
permanent molars originate about the third month after birth, 
and the witdom teeth about the third year. 


Tho Blood. 


A full consideration of the blood will come Iater, when we 
know more about the chemical aspects of physiology, but it 
will be impossible to discuss all the other phenomena we shall 
have to study in the meanwhile without some elementary 
knowledge of the principal properties of this uid. For 
that reason, and also to complete our list of the connective 
tissues, we may here rapidly and briefly enumerate its principal 
chanictors. 

‘The blood is a Suid which holds in suspension large numbers 
of solid particles which are called the corpuscles. The Suid 
itsolf ia called the plasma or liquor sangwinis. t is a richly 
albuminous fluid; and one of the proteids in it is called 
Abrinogen. 

After blood is shed it rapidly becomes viscous, and then sets 
into a jelly. The jelly contracts and squeezes out of the clot 
4 straw-coloured fluid culled serum, in which the shrunken clot 
then floats 

‘The formation of threads of a solid proteid called fibrin from 
the soluble proteid we have called jisrinogen is the essential 
avt of coagulation; this, with the corpuscles it entangles, is called 
the elot. Serum is plasma minus fibrin. The following scheme 
shows the relationships of the constituents of the blood at a 
glance :— 

{ Serum 
{ Plasmon Fibrin 
Blood + Corpusclos } Chote 

‘The corpuscles are of two chief kinds, the red and the white, » 
‘The white corpuscles are typical animal cells, and we have 
already made their acquaintance when speaking about amoeboid 
movements, 

The red corpuseles are much more numerous than the white, 
averaging in man 5,000,000 per cubic millimetre, or 400 to 500 
red to each white corpuscle, It is these red corpuscles that give 
the red colour to the blood. ‘They vary in size and structure in 
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different groupa of the vertebrates. In mammals they are bi- 
concave (except in the camel tribe, where they are biconvex) 
non-nucleated discs, in man yvyy inch in diameter ; during fetal 
life nucleated red corpuscles are, however, found. In birds, reptiles, 
amphibians and fishes they are biconvex oval discs with a nucleus : 
they are largest in the amphibia. The most important and 
abundant of the constituents of the red corpuscles is the pigment 
which is called Awmoglohin. This is a proteid-like substance, 
but is remarkable as it contains a small amount of iron (about 
o'4 per cent.) 

The blood during life is in constant movement. It leaves the 
heart by the vessels called arteries, and returns to the heart by 
the vessels called wins ; the terminations of the arteries and the 
commencements of the veins are, in the tissues, connected by the 
thin-walled microscopic vessels called capillaries. (n the capil- 
laries, leakage of the blood-plasma occurs; this exuded fluid 
carries nutriment from the blood to the tissue-clements, and 
removes from them the waste products of their activity. The 
lymph is collected by lymphatic vessels, which converge to the 
main lymphatic, called the thoracic duet. ‘This opens into the 
large veins near to their entrance into the heart ; and thus the 
lymph is returned to the blood. 

Bat blood is also a carrier of oxygen, and it is the pigment 
hwmoglobin which is the oxygen carrier; in the lungs the 
hemoglobin combines with the oxygen of the air, and forms a 
loose compound of bright scarlet colour called oxyhamoglobin. 


in the veins. The veins take the blood minus a large quantity 
of oxygen and plus a large quautity of carbonic | received in 
exchange from the tissues to the heart, whit the 
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CHAPTER VI. 
MUSCULAR TISSUE. 


Museu is popularly known as flesh. It possesses the power of 
contraction, and is, in the higher animals, the tissue by which 
their movements are executed. The muscles may be divided 
from a physiological standpoint into two great classes, the volun- 
tary muacles, those which are under the control of the will, and 
the involuntary muscles, those which are not, The contraction 
of the involuntary muscles is, however, controlled by the nervous 
system, only by a different part of the nervous system from that 
which controls the activity of the voluntary muscles, 

When muscular tissue is.examined with the microscope, it is 
seen to be made up of small elongated threadlike structures, 
which are called muscular fibres ; these are bound into bundles by 
connective tissue, and in the involuntary muscles there is in 
addition a certain amount of cement substance, stainable by nitrate 
of silver, between the fibres. 

The muscular fibres are not all alike; those of the voluntary 
muscles are seen by the microscope to be marked by alternate 
dark and light stripings or striations; these are called éraae 
versely striated muscular fibres, The involantary fibres have 
not got these markings as a rule. There is one important 
exception to this rule, namely, in the case of the heart, the 
muscular fibres of which are involuntary, but transversely 
striated. There are, however, histological differences between 
cardiae muscle aud the ordinary voluntary striated muscles. 
The unstriated involuntary muscular fibres found in the walls of 
the stomach, intestine, bladder, blood-vessels, uterus, and other 
contractile organs are generally spoken of as plain muscular fibres.” 

From the histological standpoint there are, therefore, three 
varieties of muscular fibres found in the body of the higher 
animals; two of them are transversely striated, and one is not. 
The relationship of this histological classification to the physio- 
logical classification into voluntary and involuntary is shown in 
the following table :-— 




















1, Transversely strinted muscular fibres 
In skeletal muscle . Vouunrany, 
d, Incardiac muscle . ; 
2. Plain muscular Sree i 
In blood-vessels, intestine, uterus, (. aad 
bladder, ete. 5 . 





A ; 
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All kinds of muscular tissue are therefore composed of fibres, 
Init the fibres are essentially different from those we have hitherto 
studied in the connective tissues. There, it will be remembered, 
the fibres are developed between the cells; here, in muscle, the 
fibres are developed from the cells; that is, the cells themselves 
become elongated to form the muscular fibres 


Voluntary Muscle. 


The voluntary muscles are those which are sometimes called 
skeletal, constituting the whole of tho muscular apparatus 
attached to the bones.* 

Each muscle is enclosed in a sheath of areolar tissue, called the 
Epimysinm ; this sends in partitions, or septa, dividing off the 


Pig. 102.—A branched musoular fibro from the f 


fibres into fascieuli, or bundles; the sheatl 
be called the Perimysinm. Botwoen th 
small amount of loose areolar tissue, 
Tho blood-vessels and nerves for the mus 
this areolar tissue, 
‘The fibres vary in thickness and lengtt 
average $y inch in diameter, and about 
fibre is eylindrieal in shape, with ro 
longed into tendon bundles (fig. 
tached to bone. Asa rule they he | 
fibres of the face and tongue divide into: numerous bi 
before being inserted to the under ou fac 
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® soft material called the contractile mulstance. The sarcolemma 
is homogencous, clastic in nature, and especially tough in fish and 
Peciviagey wey Aiest ed nesponre? cepcurcrc sama 
paration ol museul applying gentle pressure to 
the cover slip; the contractile substance ix 
leaving the sarcolemma bridging the space (fig. 103). To the 
sarcolemma are seen adhering some nuclei, 

The contractile substance within the sheath is made up of 
alternate discs of dark and light substance. 

Muscular fibres contain oval nuclei In mammalian muscle 
these are situated just beneath the sarcolemma; but in frog's” 
muscle they occur also in the thickness of the muscular fibre. 





Pig. 103. —Musoular fibre turn serve, the 
‘sarcolemma xtitt conneeting the two 
Tarts of the fie. “(Todd tnd New. 
man. 





‘The chromoplasm of the nucleus hus generally a spiral arrange 
ment, and often there is a little granular protoplasm (well seen 
in the muscular fibres of the diaphragm) around each pole of the 
nucleus. 

‘The foregoing facts can be made out with « low power of the 
microscope ; on examining muscular fibres with a high power 
other details can be seen. Treatment with different reagents 
brings out still farther points of structure. These are differently 
described and differently interpreted by different histologists ; and 
perhaps no subject in the whole of microscopic anatomy has been 
more keenly debated than the structure of a muscular fibre, and 
the meaning of the changes that oceur when it contracts, A 
good deal of the difficulty has doubtless arisen from the faet that 
a muscular fibre is cylindrical, and if one focusses the surface one 
gots different optical effects from those obtained by focussing deep 
in the substance of the fibre. I shall, in the following account of 
imate structure of striated muscle, adhere very closely to 
¢ writings of Professor Schifer, 


LB 
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Tf the surface ix carefully fooussed rows of apparent granules 
are seen lying at the boundaries of the light streaks, and fine 
longitudinal lines passing through the dark streaks may be 
detected uniting the apparent granules (fig. 104). 

To specimens treated with dilute acids or gold chloride, tho 
granules are seen to be connected side by side, or transversely 
also. This reticulum (fig. 105), with its longitudinal and transverse 
meshes, was at one time considered to be the essential contractile 
portion of the muscular fibre; it was thought that on contrmetion 


Hig. 106,-—"Transrerse seetion through 
‘muscular Bhres of hutaan tonne, 
The nude wre doeply stat 
situated at the k 


this idea, and regard the network 
Tying between the essentially contract 
A muscular fibre ix thus made 
fllrils, musele-columns or wares 

stitial substance with cross networks 
referred to ix called sarcoplasm. 


mity be completely separated: 
A. transverse section of a m 
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If, instead of focussing the surface of a fibre, it is observed in 
its depth, a fine dotted lino is seen bisecting each light stripe; 
thix has been variously termed Dodie’s line, or Krawze’s membrane 
(fig. 107). At ono time this was believed to be an notual membrane 
continuous with the arcolornma. It is probably very largely an 
optical effect, caused by light being transmitted between discs 
of different rofrangibility. 

If cross membranes do exist they are not very resistant ; thiv 
was well shown by an accidental observation first made by Kahne, 





Fig. 107A. Portion of a melium-sired human muscular fre. % Soa. 8. Separaad 
Dundlew of Abril iy magnified ; a, ‘and 6, 6, emailer collections; #ll 
eavaller: dy, the ‘hich cout be detached, poostly representing & single 


series of maxcous elements, (Sharpey.) 








and subsequently seen by others, A minute thread-worm, called 
the Myorectes, was observed eruwling up the interior of the con- 
tractile substance of a muscular fibre; it crawled without any 
opposition from membranes, and the track it left, closed up slowly 
behind it without interfering with the normal cross-striations of the 
contractile substance. This observation strikingly Hustrates the 
fact that the contractile substance in a muscular fibre is fluid, but 
only semi-fluid, for the closing of the thread-worm's track occurred 
slowly as a hole always closes in a viscous material. 

Another appearance which is sometimes seen is a fine clear line 
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running across the fibre in the middle of each dark band. It is 
called Hensen’s line. 
* muscular fibre may _not_only be broken upinto.fbrils or 
but under the influence of some reagents like 
Ste paroahlaria acid, it_can be broken up into dises, the 
cleavage occurring in the centre of each light stripe. Bowman, 
the earliest to study muscular fibres with profitable results, con- 
cluded that the subdivision of a fibre into fibrils was a phenomenon 
of the same kind as est ee into a He —— 










aC 
ments.” The cl aavas into disce beware aaah rarer than the 
s®parition into fibrils ; indeed, indications of the fibrils are seen in 
perfectly fresh muscle before any reagent has been added, and 
this is markedly evident in the wing muscles of many insects. i 
is now believed a muscular fibre is built up of contiguo 











‘or Sarcosty ints dacsles pals artical 
phenomenon. 

who has also investigated the question of muscular 

structure, as arrived at the conclusion that the cross striation 

is ontirel: soe et optical phenomena. The sarcostyles are vari- 

come; th nlarge erer ive_cffects will 

be produced c he intermedinto narrow por 


tions. This view he has sey ingeniously supported by taking 
Hogative casts of musoular fibres by pressing them on to the sur- 
face of collodion films. The collodion cast shows alternate dark 
and light bands like the muscular Abren 


5 it certain! aly stains 


So ae His views regand- 
ing the intimate structure of a sarcostyle have been worked out 


chiefly in the wing muscles of insects, where the sarcostyles are 
separated by a considerable quantity of interstitial sarcoplasm, 
and a brief summary of his ereepecas 3 is as aliens: — 

Each 


by ie i c : 
ons, rreomer es. ~ Eng h sarcomere is ocen- 
Sear dark stripe of the whole fibrg; this 
portion of the dark stripe may be called a sarcous element.” The 


* Notice that, this ion has a different meaning from what it 
originally had when Peete Bowman. 









Tn the contrasted muscle the clear 
to ese 





al 8 c A 





Fig. 20f-—arcontys fromthe winganunclon a oft 
Mig. 105 —Dingram of sarcomere 
- tae, st ites degrees of con- 


nA —— ipeenter with the sarovus 
‘elements. ler ipe into (wo parts 

©. Garcostyles ‘owanidin~ eroous 
yommatig) kA: sensor} Ment. (A. Scher 










up the sarcous element, widens if hort 


the 
re, In the extended muscle, on the other has ol 
a nee passes ont fram the pores of ‘ous element, and 


ind the membrane of Krause ; this ens 











 sarcomere.* ‘This is shown in the 
¥ a ‘be added that the sarcous element does not lie free in Ks 
middle of the sarcomere, but is attached at the sides to a fine 
enclosing envelope, and at either end to Kranse’s membrane by 
fine lines running through the clear substance (fig. 109, 4). 
‘This view is interesting, because it brings into harniony ama> 
boid, ciliary, and muscular movement. In all three instances we 





regard the passnge of fluid in and out of the ssrcous clement as due to iffa- 
ion through its membrane, 


{oe * The existence of open pores is not admitted by all observers. These 
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have composed of two materials, spongioplasm and 

Tn ameboid movement the irregular arrangement of 
the spongioplasm allows the hyaloplasm to fow in and out of it 
in any direction, In ciliary movement the flow is limited by the 
arrangement of the spongioplasm to one direction ; hence the 


GRAMS 
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fib Fipse,at cotanetion paring ‘over « mumrruler Sibve of watersbeetle, (s,m 
Fe Sow ol ts treat Toot; cy cuntreted furt 1, intermediate condition. (ehaler.) 


limitation of the movement in one direction (sec p. 33). In 
muscle, also, the definite arrangement of the spongioplasm (repre- 
sonted by fhe sarcous clement) in a longitudinal direction directs 
the movement of the hyaloplasm (represented by the clear sub- 
stance of the light stripe), so that it must flow either in or out in 
that particular direction. The muscular fibre is made up of 
sarcostyles and the sarcostyle of sarcomeres, The contraction of 
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the whole muscle is only the sum total of the contruction of all 


the constituent sarcomeres, bac 

Tn an ordinary muscular fibre it ix stated that when it con- 
tracts, not only does it become thicker and shorter, but the light 
stripes become dark and the dark stripes light. This aguin is 
only an optical illusion, and ix produced by the alterations in the 
shape of the sarcostyles, affecting the 
sarcoplasm that lies between them, 
When the sarcous elements swell during 
contraction, the sarcoplasm accumulates 
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opposite the membranes of Kranse, and 
diminishes in amount opposite the sar- 
Pig. 111.—‘Termination of a 0008 elements ; the accumulation of sar- 
jusiularfilreinetendon- coplasm in the previously light stripes 
the same passing over the makes them appear darker by contrast 
Picea ee than the dark stripes proper. This 
from the end of ig very well shown in fig. 110. There 
marcolemma tube: 4 ten- ; Pace 
doa vandle fxel to mro- is no true reversal of the stripings in the 
ees ante.) sarcostyles themselves. 





That this is the case can be seen very well when a muscular fibreis examined 
with polarised light. A polarising microscope contains a Nicol’s 
beneath the stage of the microscope which polurises the light passing Geos 
the object placed on the stay The ey contains another Nicol's 
prism, which detects this fact. If the two Nicols are parallel, the Hight 

mssing through the first passes also through the second ; but if the second 
Prat right angles to the first, the light cannot traverse it and the field 
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dark, If Giana the microscope stage refmoting i 
pe eh in dark field ; iF event Sk ny Sars 
‘ing. Lanett refracting or A 
teylas are tn great ting Seen 
measure or an} 
in the dark eld of the pol The sarcontye, ho 


microsco} 
ever, is not wholly doubly Patcactiaig the peu elements are oably 
refracting, and the clear intervals sre singly refracting. On contraction 
there is no reversal of these appearances, though of course the relative 
thickness of ‘the singly tea ‘intervals varies inversely with that of the 
doubly refracting sarcous elements. 


Ending of Muscle in Tendon.—A tendon-bundle passes to each 
museular fibre, and becomes firmly united to the sarcolemma. 
‘The areolar tissue between the tendon-bundles becomes also con- 
tinuous with that between the muscular fibres (fig. 111). 

Blood-veasels of Musele.—The arteries break up into capillaries, 
which run longitudinally in the endomysium, transverse branches 
connecting them (fig. 112). No blood vessels ever penetrate the 
sarcolemma. The muscular fibres are thus, like other tissues, 
nourished by the exudation from the blood called lymph. The 
lymph is removed ay lymphatic vessels found in the perimysium. 

The nerves of voluntary muscle pierce the sarcolemma, and ter- 
minate in expansions called end-plates, to be described later on 
(see p. 102). 

Newro-muscular Spindles.—Bundles of fine muscular fibres en- 
closed within a thick lamellated sheath of connective tissue are 
found scattered through yoluntary muscles; they are especially 
numerous near the tendon and in the proximity of intramuscular 
septa, It is remarkable that they have not been found in the ocular 
or tongue muscles, These structures are called neuro-museular 
apindles 5 they vary in length from } to } inch, and are about 
by inch in diameter. Each recoives a nerve fibre which divides 
into secondary and tertiary branches. ‘Tho myelin sheath is lost, 
and the tertiary branches encircle the muscular fibres, breaking 
‘up usually into a network. There bas been considerable diseus- 
sion a8 to the meaning of these spindles, but the belief is gaining 
ground that they are sensory end organs in the muscle. (See 
further, chapter on Touch.) 


Red Muscles. 


Tn many animals, such as the rabbit, and some fishes, most of 
the nvuscles are pale, but some few (like the diaphragm, crureus, 
soleus, semi-membranosus in the rabbit) are red. These muscles 
contract more slowly than the pale muscles, and their red tint ix 
due to hamoglobin contained within their contractile substance. 
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In addition to these physiological distinctions, there are histo- 
logical differences between them and ordinary striped musele. 
‘These histological differences are the following :— 

1, Their muscular fibres are thinner, 

2, They have more sarcoplasm, 

3- Longitudinal striation is more distinct. 

4. Transverse striation is more irregular than usual. 

5- Their nuclei are situated not only under the sarcolemma, 
but algo in the thickness of the fibre. 

6. The transverse loops of the capillary network are dilated 
into little reservoirs, far beyond the size of ordinary capillaries. 


Cardiac Muscle. 


The muscular fibres of the heart, unlike those of most of the 
involuntary muscles, are striated ; but although, in this respect, 
they resemble the skeletal mus- 
cles, they have distinguishing 
characteristics of their own. The 
fibres which lie side by side are 
united at frequent intervals by 
short branches (fig. 113). The 
fibres are smaller than those of the 
ordinary striated muscles, and their 
transverse striation is less marked. 
No sarcolemma can be discerned. 
One nucleus is situated in the 
middle of the substance of each 
fibre. At the junctions of the fibres 
there is a certain amount of ce- 
menting material, stainable by silver 
nitrate, 





Vig. £13.—Muscular fibre cells from 
‘the heart, fe 


(B. A. Bebitfer. 





Plain Muscle. 


Plain muscle forms the proper muscular coats (1.) of the digestive 
canal from the middle of the asophagus to the internal sphincter 
ani; (2.) of the ureters and urinary bladder ; (3.) of the trachea 
and bronchi; (4-) of the ducts of glands ; (5.) of the gall-bladder; 
(6) of the vesicule seminales ; (7.) of the uterus and Fallopian 
tubes ; (8.) of blood-vessels and lymphatics ; (9.) of the iris, and 
ciliary muscle of the eye. This form of tissue also enters largely 
into the composition (10.) of the tunica dartos, the contraction of 
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which is the principal cause of the wrinkling and contraction of 
the scrotum on “exposure to cold. It occurs also in the skin 
generally, being found surrounding the secreting part of the sweat 
ghinds and in small bundles attached to the hair follicles ; it also 
occurs in the areola of the nipple. It is composed of long, fusi- 
form cells (fig. 114), which vary in length, but are not as a ralo 
more than ¢}» inch long. Each cell has an oval or rod-shaped 


NV 


Pig. 14 —Muroular flbre-cells from the muscular coat of intestine—highly magnitied, 
‘Note the longitudinal striation, und in the broken fibre the sheath is visible. 


nucleus. The cell substance is longitudinally but not transversely 
striated. Each cell or fibre, as it may also be termed, has a deli- 
cate sheath. ‘The fibres are collected i jodi and 


passing from cell to cell. 5 

The nerves in involuntary muscle (both car r 
not terminate in end-plates, but by plexuses or netw 
ramify between and around the muscular “ 










NERVE. 


are simply elongated cells in which the nucl 
In cardiae muscle, the likeness to 
from which the fibres are formed is not 





tiation of these cellx is arrested at an early stage, — a 
though they continue to grow in size. 

Voluntary muscular fibres are developed from 
cells which become elongated, and the nuclei of — 
which multiply. Tp most striated muscle fibres 

nuclei ultimately take up a position beneath the 
cell-wall or sarcolemma which is formed on the 
surface. Striations appear first along one 
extend round the fibre (fig. 145), then they e extend 
into the centre. 

During life new fibres appear to be formed in 
part by a longitudinal splitting of pre-existing 
fibres; this is preceded by & multiplication of 
nuclei ; and in part by the lengthening and dif- 
ferentiation of embryonie cells (sarcoplasts) found 
between the fully formed fibres. : 
Migs Deve Tn plain muscle, growth occurs in a similar 

lar fire trom Way: this is well illustrated in the enlargement of 

footos of two the uterus during pregnancy ; this is due in part 

vier.) to the growth of the pre-existing fllres, and in part 

to the formation of new fibres from small granular 

cells lying between them. After parturition the fibres shrink to 

their original size, but many undergo fatty degeneration and are 
removed by absorption. 










CHAPTER VII. 
NERVE. 


Nekvous tissue is the material of which the uervous system 
is composed, The nervous system is composed of two parts, the 
central nervous system, snd the peripheral nervous system. ‘The 
central ueryous system consists of the brain and spinal cord; the 
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peripheral nervous system consists of the nerves, which conduct 
the impulses to and from the central nervous system, and thus 
bes the nerve centres into relationship with other parts of the 
iy. 
Some of the nerves conduct impulses from the nerve-centres 
and are called «ferent ; those which conduct impulses in the 
Opposite direction are called afferent. When one wishes to 


Fig. nié.-Teo neeve-fbres of 
Node of 


stained. n 
Sou Noble mime” | 


more the hand, the nervous impulse starta in the brain and 
passes down the efferent or motor nerve-tracts to the muscles 
of the hand, which contract ; when one pain in the hand, 
afferent or sensory nerve-tracts convey an 
which is there interpreted as a 
going to the hand are cut through, 
the nerve-centres is destroyed, and the 1 
moving under the influence of the will, a1 
no impulses from the hand, or as we : 
sensibility. 7 

This distinction between effer 
physiological one, which we shall 

No histological distinction can be m 








on. vit.) NERVE, 99 


The axis cylinder ix s soft transparent thread in the middle 
of the Bbre; it is made up of exceedingly fine fibrils (fig. 117) 
which stain readily with gold chloride. Zhe medullary sheath 
gives a characteristic double contour and tubular appearance to 
the fibre. It is interrupted at regular intervals known as the 
nodes of Ranvier. The stretch of nerve between two nodes is 
called an internode, and in the middle of each inter-node is a 
nucleus which belongs to the primitive sheath. Besides these 
interruptions, a variable number of oblique clefts are also seen 


Fig. 226—Small branch of a musoular of the frog, near ite termination, showing 
“visions of Use tHuren. ay into two & into thres, a3. (Ulikar,) 


dividing the sheath into medullary segments (fig. 118); but most 
if not all of these are produced artificially in the preparation of 
the specimen, 

‘The medullary sheath also contains a horny substance called 
neurokeratin : the arrangement of this substance is in the form of — 
a network or reticulum holding the fatty matter of the sheath 

its meshes. The occurrence of horny matter in the epidermis, 
in the development of the onamel of teeth and e 

interesting chemical reminder that all these ti 

from the game embryonic layer, the epiblaxt, The | 


a 
monatomic alechol. We 
anee with these chemical 
studies, 7 
Near their terminations t! 
oceurs at a node (fig. 120). 
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Staining with silver nitrate produces a peculiar appearance at 
the nodes, forming what is known as the crosses of Ranvier. 
One limb of the cross is produced by the dark staining of 





Pig. 121.—Several fibres of a bundle of medulllated nerve-Bbres ueted upon 
‘by silver nitrate to ao liar bebaviour of nodes of ‘Ranvier’ N, x, 
towards this reagent "the ailver as penotrated at the nodes, and 
bas stained the be ied, M, for @ Short distance, 8, the white 
mubstanco, (Klein and Noble Smith.) 


substance which occurs between the segments of the 


cement 
the other limb of the cross is due to the staining of 


neurilemma ; 





Fig, 128 Tranerere wetion of the watie nerve of seat alout x soo TE canaiste of 
Windles Ufunicoli) of nervefibres enabeatbed in « fibrous supporting, oa rf 

tevrivm, A each Vundle has s special sheath (not suckendly marked car rot he 

‘rion in the Sure) of perineuriem B; the nerve fibres N faze: 

the by endoneurinie: La lymph spaces; Ar, artery, Yeln, fab “Somewhat 


(¥. D, Hartin} 








* 
Aiogrammatic. 
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a nomber of minute transverse bands in the axis oylinder 
(Fromann's lines), which is here uot closely invested by the 
medallary sheath. 6 

‘The arrangement of the nerve-fibres in a nerve is best seen in 
@ transverse section. 

‘The nerve is composed of a number of bundles or fwnieulé of 





‘Hig. 123. —Seetion seross the second thoracic anterior root of the dog, stained with osmic 
acid. (Gaskell) 


nerve Hibres bound together by connective tissue. The sheath of 
the whole nerve is. called the epinewrium ; that of the funiculi 
the perineurium ; that which passes between the fibres in « funi- 
culus, the endoneurvum (fig, 122). 

‘The size of the nerve-tibres varies ; the largest fibres are found in 
the spinal nerves, where they are 14°4 to 19” in dinmoter.* Others 
mixed with these measure 1°S to 3°64, ‘These small nerve-fibres are 
the visceral nerves ; they pass to collections of nerve-colls called 





* y= micro-millimetre = yp millimetre, 
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the sympathetic ganglia, whence they emerge as nop shedalated 
fibres, and are distributed to involuntary muscle. They are 
seen in sections stained by osmie acid, the black rings being 3 
stained medullary sheaths (fig. 123). 

The non-medullated fibres or fllres of Remak have 10 
medullary sheath and are therefore devoid of the double contour 
of the medullated fibres, and are unaffected in appearance by 








Fig, 124 





hs aboop; two. dark-bordered or whit 
ie th ibe [olfactory bres. ily Prom 


osmic acid, They consist of an axis oylinder covered by a 
nucleated fibrillated sheath. They branch frequently. 

‘Though principally found in the aympathetic nerves, a few are 
found in the spinal nerves mixed with the medullated fibres, 


Termination of Nerves in Muscle. 


In the voluntary muscles the motor nerve-fibres have special end 
organs called end-plates. ‘The fibre branches two or three times 
(figs. 120, 125), and each branch goes to a muscular fibre. Here the 
neurilemma becomes continuous with the sarcolemma, the medul- 
lary sheath stops short, and the axis cylinder branches repeatedly. 
This ramification is embedded in a layer of granular protoplasm 
containing numerous nuclei. Considerable variation in shape of 
the end-plates occurs in different parts of the animal ki 
Somewhat similar nerve-endings are seen in tendon; these 
however are doubtless sensory (figs. 126, 127). 

In the involuntary muscles, the fibres which are for the most part 
non-medullated form complicated plexuses near their termination. 
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‘The plexus of Auerbach (fig. 1 28) between the muscular coats of the 
intostine is a typical case. Groups.of norve-cells will be noticed at 
the junctions of the fine nervous cords. From these plexuses fine 





i an rien sh ae et a “S 


branches pass off and bifurcate at frequent intervals, until at last 
ultimate fibrillm aro reached. ‘These subdivisions of the axis 
eylinders do not anastomose with one another, but they come into 





Pig. 12).—One of the reticulated endplates 


‘of fig. 126, more highly taaguitled. 0. 
medullated 2 reticulated 





end=plates. (Golgt.) 


close relationship with the involuntary muscular fibres; though some 
histologists have stated that they end in the nuclei of the muscular 
fibres, it is now believed that they do not pass into their interior. 

‘The terminations of sensory nerves are in some cases plexuses 

















Vig. 124—Plexas of Auerbach, detess tha te yee St? meena ah 
‘intestine. (Cadiat. 


Development of Nerve-fibros. 


A nerve-fibre is primarily an outgrowth from a nerye-cell, as is 
shown in the accompanying disgmm. A nerve-cell, though it 





Yig. t29—Multipolar nerye-cell from anterior horn of spinal eord; a, axis 
Process, (Max Schultsn.) ee 
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may have many branches, only gives off one process which becomes 
the axis cylinder of a nerve-fibre. This acquires a medullary sheath 
when it passes into the white matter of the brain or spinal cord, 
and « primitive sheath when it leaves the nerve-centre and geta into 
the nerve. But at first the axis cylinder is not sheathed at all. 

‘The formation of the sheaths is still a matter of doubt, but 
the generally accepted opinion is that the primitive sheath is 
formed by cells which become flattened out and wrapped round 


formed according to some by a fatty change occurring in the 
parts of these same cells which are nearest to the axis cylinder, 
‘bat it is much more probable that it is formed from the peri- 
the axis cylinder ; the prosence of neurokeratin 
in it distinctly points to an epiblastic origin. The fact also that, 
in the nerve centres, the medullated norve fibres have no primi- 
tive sheath, and the phenomena of Wallerian degeneration, to be 
dovcribed later, all tend to confirm the same view, 


CHAPTER VUE 
IRRITABILITY AND CONTRACTILITY, 


Undifferentiated cells like white blood corpuscles are irritable ; 
when stimuli are applied to them they execute the movements we 
have learnt to call amaboid. 

Ciliated epithelium cell#and muscular fibres are irritable ; they 
also execute movements under the influence of stimuli. 

Nerves are irritable; when they are stimulated, a change is 
produced in them ; this change is propagated along the nerve and 
is called a nervous impulse; there is no change of form in the 
nerve visible to the highest powers of the microscope ; much 
more delicate and sensitive instruments than microscope must 
be employed to obtain evidence of a change in the nerve; it is 
of a molecular nature, But the irritability of nerve is readily 
tanifested by the results the nervous impulse produces in the 
organ to which it goes; thus the stimulation of a motor nerve 
produces a nervous impulse in that nerve which, when it reaches 
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8 muscle, causes the muscle to contract: stimulation of a sensory 
herve produces a nervous impulse in that nerve which when it 
reaches the brain causes a sensation. 
Seereting glands are irritable; when irritated. or stimulated 
ie ee 
‘The electrical organs found in many fishes like the electric eel, 
and torpedo ray, are irritable; when they are stimulated they 


give rise to an electrical discharge. 
Contractility is the power that certain tissues possess of 
ing toa stimulus by change of form. and 
irritability do not necessarily go together ; thus both and 


nerve are irritable, but of the two, only muscle is contractile. 
Some movements visible to the microscope are not due to 
contractility ; thus granules in protoplasm or in « vacuole may 


Fig. 130.—Prog's pigment calls. ment. % 370, (Henle,) 


often be seen to exhibit irregular, shaking movements due 
simply to vibrations transmitted to them from the outside. 
movement is known as Brownian movement. 

Instances of contractility are seen in the following cases :— 

1, The movements of protoplasm seen in simple animal and 
vegetable cells; in the former wo have already considered 
streaming, gliding, and ameboid movement (see p. 13); in 
the latter case we have noted the rotatory movements of the 
protoplasm within the cell wall in certain plants (see p. 14). 

2. The movements of pigment cells. These are well seen 
under the skin of such an animal as the frog; under the 
influence of electricity and of other stimuli, especially of light, 
the pigment granules are massed together in the body of the cell, 
leaving the processes quite transparent (fig, 130). If the stimulus 
is removed the granules gradually extend into the processes 
again. Thus the skin of the frog is sometimes uniformly dusky, 
and sometimes quite light coloured, The chameleon is an animal 


E 
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which has become almost proverbial, since it possesses the same 
power toa marked degree. This function is a protective one; the 
animal approximates in colour that of its surroundings, and s0 
cacapes detection, 


In the retina we shall find layer of pigment cells (fig. 131), 
the granules in which are capable of moving in the protoplasm in 
4 somewhat similar way; the normal stimulus here also is light. 

3- Ciliary movement; here we have a much more orderly 
movement which has already been described (see p. 31). 

4- In Vorticella, a spiral thread of protoplasm in their stalk 
SCOR Ree i getete36 tbo Jowse the bell. at the end ch tbp 


5- In certain of the higher plants, such as the sensitive and 
carnivorous plants, movements of the stalks and sensitive hairs 
of the leaves occur under the influence of stimuli. 
elie cee. This for the atudent of human 

i is most important of the series; it is by their 
muscles that the higher animals (man included) execute the 
greater number of their movements. 

i we contrast together ameboid, ciliary and muscular move- 
ment, we find that they differ from each other very considerably. 
Ameboid movement can occur in any part of an ammboid cell, 
and in any direction, Ciliary and muscular movement are 
limited to one direction ; but they are all essentially similar, 

‘of the movement of hyaloplasm in and out of spongio- 
plasm ; it is the arrangement of the spongioplasm that limits and 
controls the movement of the hyaloplasm (see also p. gt). 

Rihythmicality—In some forms of movement there is not only 
order in direction, but order in time also. This is seen in ciliary 
movement, and jn many involuntary forms of muscular tissue, such 
as that of the heart, Here periods of contraction alternate with 
periods of rest, and this occurs at regular intervals. Under the 
influence of certain saline solutiona,* voluntary muscles may be 
made artificially to exhibit rhythmic contractions. 

A familiar instance of rhythmic movement in the inorganic 
world is seen in a water-tap nearly turned off but dripping ; 
water accumulates at the mouth of the tap till the drop is big 
enough to fall; it falls, and the process is repeated, If, instead 
of water, gum or treacle, or some other viscous substance is 
watehed under similar circumstances, the drops fall much more 





* Biedermann’ fluid has the following composition :—Sodium chloride 
5 alkalitie sodium phosphate 2 gr., sodium carbonate 0.§ gr.. 
1 litre, If one end of the sartorias of a curarised frog is dipped into 

this Guid, it contracts rhythmically in a manner analogous to the heart, 
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slowly ; seo Mt Aas get bigger bare i poms 
energy to fall. Thus we may got different 

rhythmic oa So in the body, pote tam = ‘rest, 
the cilium or the heart is accumulating till, as it 
were, it becomes #0 charged tute dletgary es pvc oo 

is converted into kinetic energy or movement. 

When contraction travels as a wave acute 
from one muscular fibre to another, the term peristalsis ix 
employed, These waves are well seen in such @ muscular tube as 
the intestine, and are instrumental in hurrying its contents along. 
‘The heart's contraction is a similar but more complicated 
peristalsis occurring in a rhythmic manner. 

The physiology of muscle and nerve furnish us with the best 
means of studying irritability and contractility. We shall have 
to consider these two tissues together to a large extent, but must 
confine our attention at the outset to the voluntary muscles. 
"The question may be first asked, what evidence there is of 
irritability in muscle? May not the irritability be a property of 
the nerve-fibres which are distributed throughout the muscle and 
terminate in its fibres? The doctrine of independent muscular 
irritability was enunciated by Haller more than a century ago, and 
was afterwards keenly debated. It waa finally settled by an 
experiment of Claude Bernard which can be easily by 
every student. 
Ifa frog is taken and its brain destroyed by pithing, it loses 
consciousness but the circulation goes on, and the tissues of its 
body retain their vitality for a considerable time. If now a few 
drops of a solution of curare, the Indian arrow poison, are injected 
with a small syringe under the skin of its back, it loses in a few 
iinutes all power of movement. If next the sciatic or any other 
nerve going to muscle is dissected out and stimulated, no 
movement occurs in the muscles to which it is distributed. 
Curare paralyses the motor end-plates, so that for all practical 
purposes the muscles are nerveless ; or rather nervous impulses 
cannot get past the end-plates and cause any effect on the 
muscles. But if the muscles are stimulated themselves they 
contract. 

Another proof that muscle possesses inherent irritability was 
adduced by Kithne. In part of some of the frog's inuseles (eg. part 
of the sartorius) there are no nerves at all; yet they are irritable 
and contract when stimulated, 

The evidence of the statement just made that the poisonous 
effect of curare is on the end-plates is the following :—The 
experiment described proves it is not the muscles that are 
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that the nerve which has been exposed to 
ison has not been affected by it. 
Varioties of Stimuli. 


‘The normal stimulus that leads to muscular contraction is a 
impulse; this is converted into a muscular impulse 





in 

by @ sensory impulse from nae n 
the periphery ; thus when eaipantitn oaks "ae Keninck) 
oné puts one’s hand on some- 


causes a nervous impulse to travel to the brain, and the brain 
reflects down to the muscles of the hand another impulse by the 
motornerves which causes the muscles to contract in such a 
manner as to move the hand out of the way. 
But the details of muscular contraction can be more readily 
studied in muscles removed from the body of such an animal 
as the frog, and made to contract by artificial stimuli. When we 
have considered these, we can return to the lessons they teach us 
about the normal contractions in our own bodies. 
‘The first thing to do is to make from a pithed frog a 
preparation ; the muscle usually selected is the 
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the muscle of the calf of with the 
eee caw Lomhaat vorea Spm -—tp Heel 
gracilis may be used ; but nearly all can be demonstrated on the 


us. 

‘The tendon of the gastrocnemius may be tied to a lever 
with a flag at the end of it, and thus its contractions rendered 
phd et lls Bes eB YG a 
Stimuli may be applied either to the nerve or to the muscle. 
the stimulos is applied to the nerve, it is called indirect 
stimulation ; the stimulus starts a nervous impulse which travels 
to the muscle; the muscle is thus stimulated as it is in 
contruction by a nervous impulse, Stimulation of the musele 
itself ia called direct stiowlation, These stimuli may be : 

1. Mechanical ; for instance a pinch or blow. 

2. Chemical ; for instance salt or acid sprinkled on the nerve 
or muscle, 

3- Thermal ; for instance touching the nerve or musele with 
a hot wire. 

4. Electrical ; the constant or the induced current may be 
used, 

Tn all cases the result of the stimulation is a muscular 
contraction, Of all methods of artificial stimulation, the electrical 
is the one most generally employed, because it is more under 
control and the strength and duration of the stimuli (shocks) ean 
be regulated easily. We shall therefore have to study some 
electrical apparatus. 

Chemical stimuli are peculiar, for some which affect muscle do 
not affect nerve, and wie versd ; thus glycerine stimulates nerve, 
but not muscle; ammonia stimulates muscle, but not motor 
neryes, 

We may regard stimuli as liberators of energy; muscle and 
nerve and other irritable structures undergo disturbances in 
consequence of a stimulus, ‘The disturbance is some form of 
movement, visible movement in the case of musele, molecular 
movement in the case of nerve. A stimulus may be regarded as 
added motion. Sir William Gowers compares it to the blow that 
causes dynamite to explode, or the match applied to a train of 
gunpowder. A very slight blow will explode a large quantity of 
dynamite ; a very small spark will fire a long train of ganpowder. 
So in muscle or nerve the effect is often out of all proportion to 
the strength of the stimulus; a light touch on the surface of 
the body may elicit very forcible nervous and muscular disturb- 
ances; and moreover, the effect of the stimulus is propigated 
along the nerve or muscle without loss. 
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CHAPTER IX. 
CONTRACTION OF MUSCLE. 


Musere undergoes many changes when it contracts; they 
may be enumerated under the following five heads :— 

1. Changes in form. 

2. Changes in extensibility and elasticity. 

3- Changes in temperature. 

4. Changes in olectrical condition. 

5. Chemical 

In brief, cach of these changes is as follows :— 

1, Changes in form.—The muscle becomes shorter, and at the 
same time thicker. The amount of shortening varies so that the 
length of the muscle when contracted is from 65 to 85 per cent. 
of what it was originally. Up toa certain point, increase of the 
strength of the stimulus increases the amount of contraction, 
Fatigue diminishes and up to about 33°C. the application of heat 
inereases the amount of contraction. Beyond this temperature 
the muscular substance begins to be permanently contracted, 
and @ condition called Aeat rigor, due to coagulation of the 
musole proteids, sets in a little over 40° C. 

What the muscle loses in length it gains in width ; there is 
m0 page change of volume, 

Among the changes in form must also be mentioned those 
changes in the individual muscular fibres which require a 
microscope for their investigation; these have been already 
considered (see p. 90). 

2. Changes in elasticity and extensibility—The contracted 
musele is more stretched by a weight in proportion to ita length 
than an uncontracted muscle with the same weight applied to it; 
the extensibility of contracted muscle is increased ; its elasticity 
is diminished. 

3. Changes im temperature—When muscle is at work or 
contracting, more energetic chemical changes are occurring than 
when it is at rest; more heat is produced and its temperature 
rises. 

4. Changes in electrical condition.—A muscle when it contracts 
undergoes a diphasic variation in its electrical condition. 

5. Chemical changes.—These consist in an increased consump- 
tion of oxygen, and an increased output of waste materials such as 


12 MUSCULAR CONTRACTION, fom. x, 


carbonic acid, and sarco-lactic acid, After prolonged contraction 
the muscle consequently acquires an acid reaction. 

These five sets of changes will form the subjects of the 
following five chapters. 


CHAPTER X. 
CHANGE IN FORM IN A MUSCLE WHEN IT CONTRACTS, 


Tuovan it has been known since the time of Erasistratus 
(wc. 304) that a muscle becomes thicker and shorter when it 
contracts, it was not until the invention of the graphic method 
by Ludwig and Helmholtz, about fifty years ago, that we pos- 
sessed any accurate knowledge of this change. The main fact 
just stated may be seen by simply looking at a contracting 
muscle, such as the biceps of one’s own arm; but more elaborate 
apparatus is necessary for studying the various phases in contrac- 
tion and the different kinds of contraction that may occur. 

These may be readily demonstrated on the ordinary musele- 
nerve preparation (gastrocnemius and sciatic nerve) from a frog. 
By the graphic "method, one means that the movement is re- 
corded by a writing. We shall find that the same method is 
applied to the heart's movements, respiratory movements, blood 
pressure, and many other important problems in physiology. ‘The 
special branch of the graphic method we have now to study is 
called myography ; the instrument for writing is called a myo- 
graph ; the writing itself is called a myogram. Put briefly, a 
myograph consists of a writing point at the end of a lover 
attached to the muscle, and a writing surface which travels at a 
uniform rate, on which the writing point inscribes ite movement. 

The first thing, however, that is wanted is aomething to stimu- 
late the muscle and make it contract; the stimulus is usually 
applied to the nerve, and the form of stimulus most frequently 
employed is electrical. 

‘The galvanic battery in most common use is the Daniell cell, 
It consists of a well-amalgamated xinc rod immersed in a cylinder 
of porous earthenware containing 10 per cent, sulphuric acid ; 
this is contained within a copper vessel (represented as trans- 
parent for diagrammatic purposes in fig. 133) filled with saturated 
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solution of copper sulphate, Each metal has a binding screw 
attached to it, to which wires can be fastened. The zino rod is 
called the sommes priate the 29 ie sor pet the negative element. The 
distal onds of the wires attached 

these are called poles or Ce 
and the pair of electrodes may be 
conveniently held in a special forn 
of holder, The electrode attached 
to the positive element (sinc) is 
called the negative pole or kathode : 
that attached to the negative clo- 
ment (copper) is called the poritive 
pole or anode. If now the two elco- 
trodes are connected together, an 
electrical, galvanic or constant our- 
rent flows from the copper to the 





sinc outside the battery, and from 1 ty. >Dingmm of & Daniel's 
the dads ie copper’ through the 2 afiney. 

fluids of the battery; if the elec- 

trodes are not connected the circle is broken, and no current can 
flow at all. If now « nerve or muscle is laid across the two 





B. Mevoury Key. 


» electrodes the circuit is completed, 
and it will be noticed at the moment 
of completionof thecircuitthemuscle 
enters into contraction; if the muscle 
is lifted off the electrodes, another 

contraction occurs at the moment the circuit is broken. The same 

thing is done more conveniently by means of a key: fig. 134 

ca 1 
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represents two common forms of key, A key is a pieced of 
&pparatus by which the current can be allowed to pass or not 
through the nerve or muscle laid on the electrodes. When the 
key is open the current is broken, as in the next figure (fig. 135); 
when it is closed the current is allowed to pass. ‘The opening of 
the key is called break ; the closing of the key is called make, A 
contraction occurs only at make and break, not while the current 
is quietly traversing the nerve or muscle. 


= 
Hig. 135. 


But it will be seen in the Du Bois Reymoud key (fig. 134) that that 
there are four binding screws. Thia key is used as a bridge or short 
cireuiting key, and for many reasons this is the best way to ir 
it, The next diagram (fig. 36) represents this di 
The two wires from the battery go one to each side of the Be 
the electrodes come off one from each side of the key. When the 


Blectroves 





Fig. 136. 


key is open no current can get across it, and therefore all the 
current has to go to the electrodes with the nerve resting on 
them ; but when the key is closed, the current is cut off from the 
nerve, ws then practically all of it goes by the metal bridge, or 
short cut, back to the battery. Theoretically a small amount of 
current goes through the nerve; but the resistance of animal 
tissues to electrical currents is enormous as compared to that of 
metal, and the amount of electricity that flows through a conductor 
is inversely proportional to the resistance ; the resistance in the 
metal bridge is so small that for all practical purposes, all the 
ourrent passes through it 

Another form of electrical stimulus is the fadwend current, pro- 
duced in an induction coil, 

In « battery of which the metals are connected by a wire, 
we have seen that the current in the wire travels from the 
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copper to the xine ; if we have a key on the course of this wire 
the current ean be made or broken at will, If in the neighbour- 
hood of this wire we have a second wire forming « complete 
cirele, nothing whatever occurs in it while the current is flowing 
through the first wire, but at the instant of making or breaking 
the current in the first or yrimary eire, a momentary electrical 
current oceurs in the secoulary wire, which is called an induced 
current ; and if the scoondary wire is not a complete circle, but 
its two ends are Gonnceted by a nerve, this induction shock. tru 





Fig. 137-—-Du Bole Reymond's induction coil. 


verses the nerve and stimulates it; this causes a nervous impulse 
to travel to the muscle, which in consequence contracts. 

If the first and second wires are coiled many times, the effect 
is increased because each turn of the primary. coil acts induc- 
tively on each turn of the secondary coil. 

‘The direction of the current induced in the secondary coil is 
the same as that of the current in the primary coil at the break ; 
in the opposite direction at the make. The nearer the secondary 
coil is to the primary the stronger are the currents induced in 
the former. 

Fig. 137 represents the Du Bois Reymond coil, the one gene- 
rally employed in physiological experimonts ¢ ix the primary 
coil, and @ and a" its two ends, which are attached to the battery, 
& key being interposed for making and breaking ; the secou- 
dary coil, the two terminals of which are at ite far end ; to these 
the electrodes to the nerve are attached ; the distance between 
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the two coils, and #o the strength of the induction currents, can 
be varied at will. It is only when the primary current is made 
or broken, or its intensity increased or diminished, that induction 
shocks occur in the secondary circuit which stimulate the nerve. 
When one wishes to produce a rapid succession of make and 
break shocks the automatic interrupter or Wagner's hammer seen 
at the right-hand end of the diagram is included in the circuit, 

The next thing to be noticed is that the break effects are 
stronger than the make effects ; this is easily felt by placing the 
electrodes on the tongue. ‘This is due to what is called Fariday's 
oxtra current. This is a current produced in the primary coil by 
the inductive influence of contiguous tums of, that wire on each 
other ; its direction is against that of the bg current at 
make, and so the make shock ix lessoned, At the break the 
extra current is of such short duration (because when the circuit 
is broken there can be no current at all) that for all practical pur- 
poses it may be considered as non-existent, 

The same difference of strength occurs alternately in the 
repeated shocks produced by Wagner's hammer. Helmholtz, to 
obviate this, introduced a modification now known after him. It 
consists in bridging the current by a side wire, so that the 
current never entirely ceases in the primary coil, but is alter. 
nately strengthened and weakened by the rise and fall of the 
hammer; the strengthening corresponds to the ordinary make, 
and is weakened by the make extra current, which occurs in 
the opposite direction to the battery current; the break is also 
incomplete, and go it is weakened by the break extra current, 
which being in the same direction as the battery current impedes 
its disappearance. 

The two next diagrams show the way the interrupter acta, We 
are supposed to be looking at the ond of the primary coil; the 
battery wires are attached to the binding screws A and E (fg. 
138). The current now passes to the primary coil by the pillar 
on the left and the spring or handle of the hammer as far ax the 
screw (C); after going round the primary coil, one turn only of 
which is seen, it twists round a pillar of soft iron on the right- 
hand side, and then to the screw E and back to the battery; 
the result of a current going around a bar of soft iron is to 
make it a magnet, so it attracts the hammer, and draws the 
spring away from the top screw C, and thus breaks the current; 
the current ceases, the soft iron is no longer a magnet, so it 
releases the hammer and contact is restored by the spring; then 
the same thing starts over again, and so a succession of break 
and make shocks occurs alternately and automatically, 
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Ta Helmbolts’ modifieation (fig. 139) the battery wires are 
connected as before. The interrupter is bridged by a wire from 
B to C (also shown in fig. 137, ¢). C is raised out of reach, and 
the lower screw F is brought within reach of the spring. Owing 


to the wire BC, the vibration of the hammer never entirely 
breaks the current, 

Tnstead of Wagner's hammer a long vibrating reed constructed 
on the same principle is often used. This has the advantage 
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stimulate a nerve more rapidly, the length of reed allowed to 
vibrate can be shortened. 

Tn Ewald’s modification of the coil there is another simple method 
of modifying the rate of the interrupter. But an hour spent 
in the laboratory with an induction coil and cell will teach the 





Fug. 140—Myoeraph of von Halmbolts, shown in an incomplete form. a, foreeps for 
holding frog’s femur; 6, gastrocnemius } ¢, sdiatio nerve; 4, scale pan; *, marker 
reoonling on eylinder; /, counterpoise, (M'Kendrick.) 


student much more easily all these facts than any amount of 
reading and deseription. 

We can pass now to the myograph. There are many different 
forms of this instrument. Fig. 140 shows Helmholtz’ instra- 
ment. 

‘The bony origin of the gastrocnemius is held firmly by foreeps, 
and the tendo Achillis tied to a weighted lever; the end of the 
lever is provided with a writing-point such as a piece of pointed 
parchment; when the musele contracts it pulls the lever up, and 
this movement is magnified at the end of the lever. The writing- 
point scratches on a piece of glazed paper covered with a layer of 
soot; the paper is wrapped round a cylinder. When the lever 
goes up the writing-point will mark an up-stroke; when it falls it 
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will mark a down-stroke, and if tho cylinder is travelling, 
the down-stroke will be written on a different part of the paper 
than the upstroke; thus a musclo curve or myogram is ob- 
tained. ‘The papor may then be removed, varnished, and preserved. 
Fig. 141 shows « somewhat different arrangement. 
‘Tho muscle is fixed horizontally on a piece of cork B, one 
end being fixed by a pin thrust through the knee-joint into the 





Pie._t41-—Arrangement of the apparatu secenmry fur recording muscle contractions with 
‘a revel Hinder esreyi revolving cylinder ; B, the muscle 
a a corked on ard which ie capablo of Veltg fuse of lereered on the 


‘cunvenience, frat of all brought to a shart 
he induction coll; B, the bettery (to Uhis 
primary cireuit 





cork; the tendo Achillis is tied to a lever which is weighted 
near its fulorum: the lever is so arranged that it rests on a 
serew till the muscle begins to contract; the muscle therefore 
does not feel the weight till it begins to contract, and gives 
a better contraction than if it had been previously strained by 
the weight. This arrangement is called after-Loading. 
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The writing surface is again a travelling cylinder tightly 
covered with smoked glazed paper. ‘The rest of the apparatus 
shows how cell, coil, keys, and electrodes are applied with the 
object of stimulating the nerve. 

The key K makes and breaks the primary cireuit, bat the 
effect is only felt by the musclo-nerve preparation when the 
short-circuiting key D in the secondary cirouit 

Instead of the key E it ix botter to have what is eallod a 
ick-over " key which the cylinder by means of a bar projecting” 











Pig. 142.—Du Bois Reymond"s spring myograph. (M"Kendrrick.) 


from it knocks over and so breaks the primary cirenit during tho 
course of a revolution, The exact position of the writing-point 
at the moment of break, that is the moment of excitation, can 
then be marked on the blackened paper. 

Besides the travelling cylinder there are other forms of writing 
surface, Thus fig. 142 represents the spring myograph of Du 
Bois Reymond. Here a blackened glass plate is shot along by 
the recoil of a spring ; as it travels it kicks over a key, and the 
result of this, the muscular contraction, is written on the plate, 

The pendulum myograph (fig. 143) is another form. Here the 
movement of the pendulum along a certain arc is substituted for 
the clockwork of the cylinder, or the spring of Du Bois Reymond. 
The pendulum carries a smoked glass plate upon which the 
writing-point of the muscle lever is made to mark. The break 





on. x.) MYOGRAPHS, 121 


shock is wont into the muscle-nerve preparation by the pendulum 
in ite swing opening a key in the primary circuit. ‘This is shown 
i an enlarged seale in BU (fig. 143). 





Fig. 144.—Moiat Chamber. 
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To keep the preparation fresh during an experiment, it shoald 
be covered with a glass shade, the sir of which ia kept moist by 
means of wet blotting paper. A somewhat elaborate form of 
moist chamber is shown in fig. 144. 

The last piece of apparatus necessary is a time-marker, 80 that 
the events recorded in the myogram can bo timed. ‘The simplest 
time-marker is « tuning-fork vibrating 100 times a second. This 
is strack, and by means of a writing-point fixed om to one of 
the prongs of the fork, these vibrations may be written benesth 
the myogram. More elaborate forms of electrical time-markers 
‘or ohronographs are frequently employed. 


The Simple Muscle Curve. 


We can now pass on to results, and study first the result 
of a single induction shock upon a muscle-nerve preparation, 





Fig. 145.—Simple msuacle curve, (3. Yowter,) 


Afsingle momentary stimulation causes a single or simple mur 
cular contraction, or as it is often called a twitch, The graphic 
record of such a contraction ix called the simple muscle curve. 
One of these is shown in the preceding figure (fig. 145). 

The upper line (m) representa the curve traced by the end of 
the lever in connection with a muscle after stimulation of the 
muscle by a single induction-shock : the middledine (2) is that 
described by a lever, which indicates by a sudden drop the exact 
instant at which the induction-shock is given, The lower wary 
line (t) is traced by a tuning-fork vibrating 200 times a second, 
and serves to measure precisely the time occupied in each part of 
the contraction, 
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is rrached which the muscle ls omable to lift. The latent period be some 
what longer with » heary icad thes with a light one 

. Anfinrnce of fatique.—This can be very well Ulastrated by letting the 
muncle write a carve with every tevuistion of the cylinder watll 1 ceases 
to contract altogether. ‘The next diagram sbowsthe early stages of fatigue 











Pag. ta —Patagee 


At first the contractions Improve, each being a Httle higher then the pre 
coding ; this & known as the beneficial effect of contraction, and the graphic 
reconl is called s staircase, Then the contractions get lens.and less. Bat 
what is most noticeable is that the contraction is much more prolonged ; 
the latent period geta longer; the period of contraction gets longer; asd 
the period of relaxation gets very much longer ; there is a condition known 
as contractwre, so that the original base line is not reached. by the time 
the next stimulas arrives, In the last stages of fatigue, contracture passes 
of 














Vig. 147.~—Batect of temperature on « eingle muscabar coatraction: NV, mormal ; #, wir 
C1, cooling; Ca, very cold; 7, point of stimulation. The above tracing is a cue 
siderably reduced fac-simile of a tescing taken with the pendulum myograph. 





4. Effect of temperature—Oold at first increases the height of cvatran- 
tion, then diminishes it; otherwise the effect is very like that of fatigue 
increasing the daration of all stages of the curve. 

Moderate warmth increases the height nm 
of all stages of the curve, | 








diminishes .the duration 
nt period included. This may be 








Vig. 298—Voratrine curve, taken on = very alowly-iravelling cylinder: the thme teeing 
tndlcaten eeeonds, 
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Sey a be srerpleg ome rem warm salt salution® on to the muscle 
taking its curve. Too it (above Induces fh 
a teres heat K 49" 6) jeat eee 
5 fo see gy ae nena pie tla 
fs made, Eepakete Upekbeblersaesit sete in, th ateset ay 

; there ix an enormous nut prolongntion of 


diagram, om stimul 
pebea Yelatation : Mera t ‘by a secondary rise, sometimes by 
. “Re Mpa aimalton this effect passes off, ‘but returns after 


wm A The Muscle-Wave. 


‘ 
‘Tho first part of a muscle which contracts is the part where 
the nerve fibros outer; but nerve impulses are so rapidly carried 





Wag. 149 Arrangement for tracing the musole-wave. (M"Kendrick.) 


Il the that for practical purposes they all contract 







in a nerveless muscle, that is one rendered physio- 
1 by curare, if one end of the muscle is stimu- 
£ ) contraction travels as a wave of thickening to the other 
oni of the musele, and the rate of propagation of this wave can be 
ecorted graphically. ‘The above figure (fig- 149) represents one of 
the niinerons methods that have been devised for this purpose. 
‘Almuscle with long parallel fibres, like the sartorius, is taken ; it 
Seite se = 
ine cet tused for bathing living tissue is a 0°7 to: 
Pes arr toed solution th ‘sodium chloride. “debits Mi one 
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is represented diagrammatically in the figure. It is stimulated 
at the end, where the two wires, + and —, are placed; it is 
grasped in two places by pincers, which are opened by the ware 
of thickening ; the opening of the first pair of pincers (1) presses 
on a drum or tambour connected to a second tambour with a re 
cording lever (1"), and this lever goes up first; the lever (2’) of the 
tambour connected with the second pair of pincers (2) goes up later. 
If the length of muscle between the pairs of pincers is measured, 
and by 4 time-trcing the delay in the rising of the second lever 
is ascertained, we have the arithmetical data for ealonlating the 
rate of propagation of the muscle wave, It is about 3 mutros 
per second in frog's muscle, bat is hastened by warmth aud 
delayed by cold and fatigue. a 


The Effect of Two successive Stimuli. aa 


If a second stimulus follows the first stimulus, so that the 
muscle ‘receives the second stimulus before it has finished oon- 





Mie. 150. Tmncing of « double mutcle-curre. To be read um et 
muscle was engaged in the frst contraction 
fwd is tadlonted by the dotted lina) a cond indsctiearehock ee thnvwan 
time that the eceond contraction, began fost aa the fist, yas as Toptniny ty dete, 
7p ceocad curve te pues to stars fromm the Rar, eu: one ‘base Lise. 
(ML. Foster, 


tacting under the influence of the first, a second curve will 
be added to the first, as shown in the accompanying diagram 
(fig. 150). ‘The third little curv is only due to elastic after- 
vibration. This is called superposition, or summation of effects. 
If the two stimuli are in such close succession that the second 
occurs during the latent period of the first, the result will differ 
according as the stimuli are maximal or submaximal. If they 
are maximal, the second stimulus is without effect; but if sub- 
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maximal, the two stimuli are added together, and though pro- 
ducing @ simple muscle carve, produce one which is bigger’ than 


either woukt have produced separately, This is sumimation of 
stemudé, 





Effect of More than Two Stimuli. 


Just as a second stimulus adds its curve to that written as the 
result of the first, so a third stimulus superposes its effect on the 








Carve of incomplete tetanus, obtained frum the gastrocnemius of » frog, where 
thie hotles were sent in from an induction cofl, alout aixteen times a second 
wiballey springs ssich Signed ilo 


{nterraption of the primary current ty meena it 
Soap of mercury, id broke the primary current at each vibration, (Tracing to be 
‘right to left.) 








soound ; a fourth ou the third, and so on. Each successive incre 
ment is, however, smaller than the preceding, and at last the 
muscle remaina at a maximum contraction, till it begins to relax 
from fatignic. 





Fig. (52 —Curve of complete tetanus, from « series of very rapid shocks from a magnetic 
interrupter. (Tracing to be read right to left.) 


A succession of stimuli may be sent into the nerve of a nerve. 
muscle preparation by means of the Wagner’s hammer of « coil, or 
the vibrating reed previously mentioned (p. 117). This method 
of stimulation is called faradisation. Figs. 151 and 152 show 


hia 
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the kind of tracings one obtains. The number of contrictions 
corresponds to the number of stimulations; the condition of pro 
longed contraction s0 produced, the muscle never relaxing com- 
pletely between the individual contractions of which it is made 
up, is called tetanus: incomplete tetanus, or clomus, when tho 
individual contractions are discernible (fig. 151); complete tetanws, 
as in fig. 152, when the contrictions ure completely fused to 
form 4 continuous line without waves. 

‘The rate of farwdisation necessary to cause complete tetanus 
varies good deal ; for frog's muscle it averages 15 to 20 per 
seoond ; for the pale muscles of the rabbit, 20 per second for the 


causes a series of contractions which fuse to form tetanus, 

We now come to the important question, in which of these two 
ways does voluntary muscle ordinarily contract in the body? The 
answer to this is, that voluntary contraction resembles, though it 
is not absolutely identical with, tetanus artificially produced. It 
is cortainly never a twitch. The nerve-cells from which the motor 
fibres originate do nob possess the power of sending isolated 
impulses to the muscles; they send a series of impulses which 
result in a muscular tetanus, * or wluntary tetanwa, as it may 
conveniently be termed. 

Ifa stethoscope is placed over any contracting the 
human body, such as the biceps, a low sound is heard. tone 
of this sound, which was investigated by Wollaston, and later by 
Helmholtz, corresponds to thirty-six vibrations second; this 
was regarded as the first overtone of a note of eighteen vibra- 
tions per second, and for a long time 18 por second was believed 
to be The vate of voluntary tetanus, 

‘The so-called “ muscle sound " is, however, no indication of the 
rate of muscular vibration. Any irregular sound of low intensity 
will produce the same note ; it is, in fact, the natural resonance- 
tone of the membrana tympani of the ear, and, therefore, selected 


* Tho use of the word tetanus in physiology must not be confounded with 
the disease known by the same name, in which the most marked symptom is 


an intense condition of muscular tetanus or cramp. 
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by the organ of hearing when we listen t6 any irregular mixture 
of faint, low-pitehed tones and noises. 

A much more certain indication of the rate of voluntary 
tetanus is obtained by the graphic method. The myograpbs 
hitherto described are obviously inapplicable to the investigation 
of such a problem in man. The instrument employed is termed 
& transmission myograph. The next figure shows the recording 
part of the apparatus. 

It is called a Marey’s Tambour, It consists of a drum, on the 
membrane of which is a metallic disc fastened near one end of 
a lever, the far extremity of which carries a writing point. The 
interior of the drum is connected by an india-rubber tube (seen at 


Serew to regulate elevation of lever. 





i i u 
‘Writing lever ‘Tambour. Tube to recalving 
ee ee ee tia ieguneneh ofthe tuna tn tre le 
tube, and from which i is oammunicated ‘by the 
neat pevoivingeplinde wo thatthe tracing of the movement obtained. 


the right-hand end of the drawing) to a second tambour called 
the receiving tambour, in which the writing lever is absent. 
Now if the receiving tambour is held in the hand, and the thumb 
presses on the metallic disc on the surface of its membrane, the 
air within it is set into vibrations of the same rate as those 
occurring in the thumb muscles ; and these are propagated to 
the recording tambour and are written in a magnified form by 
the end of the lever on a recording travelling surface. 

The tracing obtained is very like that in fig. 151; it is an 
incomplete tetanus, which by a time marker can be scen to be 
mudé up of ro to 12 vibrations a second. 

Tn some diseases these tremors are much increased, as in the 
clonic convulsions of epilepsy, or those produced by strychnine 
poisoning, but the rate is the same. 

Similar tracings can be obtained in animals by strapping the 
receiving tambour on the surface of a muscle, and causing it to 
contract by stimulating the brain or spinal cord. The rate 
of stimulation makes no difference ; however slow or fast the 

Kr. « 
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stimuli occur, the nerve-vells of the central nervous system give 
out impulses at their own normal rate. 

The same is seen in a reflex action, If a tracing is taken from 
a frog’s gastrocnemius, the muscle being left in connection with 
the rest of the body, its tendon only being severed and tied to a 
lever, and if the sciatic nerve of the other log is cut through, and 
the end attached to the spinal cord is stimulated, au impulse passes 
up to the cella of the cord, and is then reflected down to the gastroo- 
nemius, under observation, The impulse has thus to traverse 
nerve-cells ; the rato of stiayulation then makes no difference; the 
reflex contraction occurs at the same rate, 10 or 12 per second. 

But now a difficulty arises ; if a twitch only occupies y4, of a 
second, there would be time for ten complete twitches in « 
second ; they would not fuse to form even an incomplete tetanus. 
‘There must be some means by which cach individual contraction 
can be lengthened till it fuses with the next contraction ; or, in 
other words, our results of electrical stimulation of excised muscles 
must not be applied without reserve to the contraction of the 
intact muscles in the living body in response to the will. Recent 
experiments made by Sir J. Bardon Sanderson on the electrical 
variation that accompanies voluntary movements, have shown 
that this is the case: each component of the so-called voluntary 
tetanus is a much-prolonged single contraction ; a condition which 
closely resembles the tonic contruction of involuntary muscle. 

Lever Systens.—The arrangement of the muscles, tendons, and 
bones presents examples of the three systems of levers which 
will be known to anyone who has studied mechanics ; the student 
of anatomy will have no difficulty in finding examples of all three 
systems in the body. What is most striking is that the majority 
of cases are levers of the third kind, in which there is a loss of 
the mechanical power of a lever, though a gain in the rapidity 
and extent of the movement. 

Most muscular acts involve the action of several nmscles, often 
of many muscles. ‘The acts of walking and running are examples 
of very complicated muscular actions in which it is necessary not 
only that many muscles should take part, but also must do so in 
their proper order and in due relation to the action of auxiliury 
and antagonistic muscles’ This harmony in a complicated mus- 
cular action is called co-ordination. 

By the device of taking instantaneous photographs at rapidly 
repeated intervals during a muscular act, the details of different 
modes of locomotion in man and other animals have been very 
thoroughly worked out. With this branch of research the name 
of Prof, Marey is intimately associated. 
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CHAPTER XI. 
EXTENSIBILITY, ELASTICITY, AND WORK OF MUSCLE, 


Musere is both extensible and elastic. It is stretched by a 
weight, that is, it possesses extensibility ; when the weight is 
taken off, it returns to its original length, that is, it possesses 
cleaticity. The two properties do not necessarily go together ; 
tus a piece of putty is very extensible, but it is not elastic; 





Elastic Band 





a piece of steel or a ball of ivory are 
after the stretching force has been remo 
original nize and shape very | ie 


its original shape is absolute ; nga 
quoted as examples. 
Muscle is very extensibl 
elastic, #.¢., it opposes no grec 
is, however, perfectly elas 
shape very exactly after strote 
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even in the body, and still more so after removal from the body, 
when it begins to undergo degenerative changes culminating in 
death, its elasticity is less perfect. The cohesion of muscular 
tissue is less than that of tendon. E, Weber stated that a 
frog's muscle one centimetre square in transverse section will 
support a weight of a kilogramme (over 2 Ibs.) without rupture, 
but this diminishes as the muscle gradually dies, 

"The extensibility of any material may be studied and recorded 
by measuring the increase of length which occurs when that 
material is loaded with different weights. In Helmholte’ myograph 
(fig. 140), different weights may be placed in the scale-pan beneath 
the muscle, and the increase of length recorded on a stationary 
blackened cylinder by the downward movement of the writing 
point ; the cylinder may then be moved on a short distance, more 
weight added, and the additional increase of length similarly 
recorded, and #0 on for a succession of weights. 

If this experiment is done with some non-living substance, like 
a steel spring or a piece of india-rubber, instead of a living 
muscle, it is found that the amount of stretching is proportional 
to the weight; a weight = 2 produces an extension twice as 
great as that produced by a weight=1 ; in this way one obtains 
a tracing like that seen on the left hand of figure rg4, and the 
dotted line drawn through the lowest points of the extensions ix 
4 straight one. - 

With muscle, however, this is different ; each successive ad- 
dition of the same weight produces smaller and smaller incre- 
ments of extension, and the dotted line obtained is a curve. 

A continuous curve of extensibility may be obtained by placing 
& grudually and steadily increasing force beneath the muscle 
instead of a succession of weights added at intervals. The most 
convenient way of doing this is to use a steel spring, which is 
gradually and steadily extended ; and the writing point connected 
to the muscle inscribes its exeursion on a slowly moving cylinder. 
If, then, after the muscle has been stretched, the steel spring is 
gradually and steadily relaxed, the muscle retracts and again writes 
a curve now in the reverse direction, until it regains its original 
length.* But in museles removed from the body, unless they are 
very slightly loaded, the return to the original length is never 
complete; the muscle is permanently longer to a slight extent, 
which varies with the amount of the previous loading. 


* A mathematical examination of these curves shows that they are not 
rectangular hyperbola, as they were once considered. They are-very vari+ 
wble in form and cannot be identified with any knows mathematical curve, 
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If the musele is slowly loaded and slowly unloaded, the curva- 
ture of its tracing 8 much more marked than if the experiment 
is done rapidly. 

The following throe tracings wre reproduced frons some obtained 

Dr, Brodie. In the method used, the records are not comi- 
plicated by the curve of « lever, but the movement was simply 
magnified by a beam of light falling on a mirror attached to the 
end of the musele, and 
reflected on to a travelling 
photographic plate. Each 
tracing is to be read from 
right to left; the first one 
{A) shows the result of 
stretching a stecl spring by 
a stendily increasing force ; 
the end of the spring gets 
lower and lower, and de- 
soribea a straight line; at 
the apex of the tracing 
unloading began and went 
on steadily till the spring 
‘once more regained its 
initinl length, Tho up- 
stroke, like the downstroke, 
is w straight line. In B 
and © muscles were used ; 
it will be noticed that the 
muscle does not regain its 
original length after unload- 
ing, and that after unload pig. ¢¢s— Curves of extensibility, Brodie.) 
ing the upward tendency 
of the tracing represents after-retraction. In B, the extension 
was applied rapidly, the tracing is almost a straight line ; in C, 
the extension was brought about more slowly, and the tracing ia a 
curve ; in both eases the tracing of the period of unloading shows 
more curvature. 

‘This introdmees us to what is called after extension and after 
retraction. ‘That is to say, after a muscle is weighted there is an 
immediate clongation, followed by a gradual elongation which 
continues for some time; or if a muscle has been weighted and 
is then unlonded there is an immediate slackening, followed by a 
gradual after retraction. 

This may beshown by looking at the graphic records shown 
in the next diagram. It will be noticed that the extension is 
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greatest when the muscle is in a contracted condition, and 
amallest when it is dead (in rigor). In fatigue the after extension 
is very marked, and the return after unloading very.imperfoct, 
We may now give the results of an actual experiment; a 
muscle was loaded with successive weights of 50, 100, 150, ete, 
grammes, and its length carefully measured in centimetres. 


loa, . 50 100 1 20 6-250 300 
Total extension '. . 32 6 95 10 to5 
Increment of extension — 2 2 vs of o3 


Figure 156 shows that the contracted muscle ix more exten- 
sible than the uncontracted muscle. This may be still further 
illustrated by an example given 
on the opposite page in the form 
‘of a diagram, 

The thick lines represent the 
voutracted muscle, the thin ones 


aS 
sdtaaese the uncontracted. It is repre- 
sented as being stretched by dif- 
ferent weights indicated along 
the top line; and the lengths 
under the influence of these 
weights are separated by equal 
distances. Thus A C represents 
the length of the uncontracted 
*| muscle, AB of the contracted 
muscle when unloaded. A’ 
‘and A‘ B’ the same under the in- 
fluence of a weight of sogrammes, 
and 80 on. 

The curve connecting the ends 
pa of the lengths of the contracted 
muscle falls faster than that 
obtained from the uncontracted 
one, until at the point P under 
the influence of a weight of 250 
-_______j grammes, the two curves meet ; 
Fig. 156-— Extensibility of mu that is to say, 250 grammes is 

soled for abort periods the, weight lesa ceria 
a ee Sram Jets just unable to lift. Suppose a 
muscle has to lift the weight of 

200 grammes, it begins with a length A” ©", but when it eon- 
tracts it has a length A” BY, that is, it has contracted a distance 
of BY” C”, which is very small; when it has to lift a Jess weight 
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it shortens more, when a greater weight it shortens less ; till 
when it shortens least it lifts the greatest weight. 

‘This experiment illustrates the general truth that when a 
muscle is contracted itis more extensible. At the point P the 
energy tending to shorten the muscle (its contractile power) is 
exactly equal to the energy tending to lengthen it against its 
elastic force. ‘Thus we have the apparent paradox at this point 
that « muscle when contracted has exactly the same length os 
when ncontracted ; but this ix a matter of everyday experience ; 
if one tries to lift « weight beyond one’s strength, one fails to 
raise it, but nevertheless one's muscles have been contracting in 


Fig. 157, 


the effort; they have not contracted in the narrow sense of 
becoming shorter, but that is not the only change a muscle 
undergoes when it contracts ; the other wee, electrical, ther- 
mal, chemical, etc., have taken place, as evidenced in one’s own 
person by the fact that the individual has got warm in his efforts, 
or may even feel oe atinew ends. 


cross; in other words, the achiiag 
increase of extensibility when it c 
its discoverer as Weber's parwtox, 
Influence of Temperature on J 
india-rabber is taken and atre 
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traction can be explained in this way-; they have supposed that 
the heat formed in muscular contraction acts like warmth as 
applied to india-rubber, This view is, however, incorrect. It is 
much more probable that there is no causal relationship between 
the temperature-change and the extensibility-change which occur 
when muscle contracts; both are simultaneously produced by a 
common cause, called a stimulus. 

Moreover, the influence of heat on muscle is by no means the 
game as that on india-rubber. This influence is not invariable, 
and at certain temperatures near the freesing-point, and under 
the influence of certain woights, actual elongation may oceur when 
the temperature is raised, 


Muscular Tonus. 


In the living animal, muscles are more or less stretched, but 
never taut between their two attachments, They are in a state of 
tonicity or tonus, and when divided they contract and the two parts 
separate. Thus a muscle, even at rest, is in a favourable condition 
to contract without losing time or energy in taking in slack. 

Muscular tonus is under the control of the nervous system 
(on the reflex character of this control, see later, under Tendon 
Reflexes, Chapter XLVIL); the muscles lengthen when their 
nerves are divided, or when they are rendered physiologically 
nerveless by ourare, Besides the nervous system, the state of 
muscular nutrition dependent on a due supply of healthy blood 
must also be reckoned as important in maintaining muscular tonus, 


Work of Muscle. 


The question of muscular work is intimately associated with 
that of elasticity. In a technical sense, work (W) is the product 
of the load (2) and the height (4) to which it is raised. W=2x A. 

Thus in fig. 157, when the muscle is unloaded the work done 
is nil; W=BCxXO=0, When the load is 250, again the work 
done is nif, because then h=0. With the load 50, W=B'C' x 50, 

If the height is measured in fect and the load in pounds, work 
is expressed in terms of foot-pounds, If the height is measured 
in millimetres or metres, and the load in grammes, the work is 
expressed in gramme-millimetres or gramme-metres respectively. 

This may be shown diagrammatically by marking on a hori- 
zontal base line or abscissa, distances proportionate to different 
weights, and vertical lines (ordinates) drawn through these repre- 
vent the height to which they are lifted (see fig. 158). 
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In the diagram (fig. 158) the figures along the base line represent 
grammes, and the figures along the vertical line represent milli- 
metres. Tho work done as indicated by the first line is 1oX 5=50 
yrammetmillimetres, the next 20X6=120 yramme-millimetres, 


Peg. 158.—Diegram to show the modo of measuring muscle work. (MIKendrick.) 


ami 80 on, while the last on the right, 100 x 3=300 gramme- 
millimetres. It is thus seen that the height of a muscle curve is 
no measure of the work done by the muscle unless the weight 
lifted is taken into account as well. 

‘The following figures are taken from an actual experiment done 
with the frog's gastrocnemius (Weber) ;— 


| Weight bifted. Height. Work done, 
| 


| germmmes | 27-6millimetros 138 geammo-millimetres 





i ” 254 - 376 
ce aso 286 ‘y 
yh rk 219 é 


‘The work increases with the weight up to a certain maximum, 
after which a diminution occurs, more or less rapidly, according 
as the muscle is fatigued, 

Similar experiments have been made in human beings, weights 
being lifted by the 
calf muscles, or elbow 
muscles, leveruge being 
allowed for. In the 
higher animals the 
energy 9 obtained 
compared with the 
frog is about twice as 
great for the same 
volume of muscular Pig. 159.—Dynamometer. 
tissue. 

Fig. 159 represents a common form of dynamometer for 
¢linical use, employed in testing the muscles of the arms and 
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hands, Jateeaiect by the hand, and an index represents kilo- 


of pressure, 

‘The musele, regarded as a machine, is ancoetines apes te 
artificial machines like « steam-engine. iS aati eeer 
plied with fuel, the latent energy of which is transformed into 
work and heat. pais Mie 





in the consumption of the living muscular material. ‘Take the 
work done by a gramme (about 15 grains) of musele in raising « 
weight of 4 grammes to the height of 4 metres {obent 13 feet); 
in doing this work probably less than a thousandth part of the 
muscle has been consumed. 

Next let us consider the relationship between the work and the 
heat produced. An ordinary locomotive wastes about 96 per 
cent. of its available energy as heat, only 4 per cent, being 
represented as work, In the best triple-expansion steam-engine 
the work done rises to 12°5 per cent. of the total rs 

In muscle, various experimenters give different numbers. Thus,” 
Fick calculated that 33 per cent. of the mechanical energy is 
available as work; later he found this estimate too high, and 
stated the number as 25; Chanveau gives 12 to 15 ; M‘Kendrick 
17. Thus muscle is a little more economical than the best 
steam-engines ; but the muscle has this great advantage over any 
engine, for the heat it produces is not wasted, but is used for 
keeping up the body temperature, the fall of which below certain 
point would lead to death not only of the muscles but of the 
body generally. 

So far we havo been speaking as though the only active phase of miuraalar 
contraction is the period of shortening. It is, bowever, extremely _ 
thongh not yet proved that lengthening is alse an active 
originally moote! by Fick, who pointed out that the fall of a muscle Nate 
during the relaxation peried is of variable speed, and ix obviously not due to 
the passive elongation of the muscle by gravity ; the way in which this part 
‘of the curve is varied by sach agencies an temperature, and drags like vera- 
trine, also indicates that relaxation is an independent process. 

Inotonie and Isometric Ovrves,—If in recording the contraction of n 
muscle, the lond ix applied vertically under the muéele, its pull upon the 
musele varies during the successive stages of n single contraction, awing to 
the fnettia of the loads In order to avoid this variation ta tension, 4 bs 
‘wual to apply the weight at a point close to the falerum of the reconlime 
lever, so that when the lever is raised, tho weight temains practically 
stationary, and thus the error due to its inertia is avoided. In onder to 
apply thé necessary tension to the muscle, the weight hangit pees the — 
must be increased in the ratio of the distances of the mi and wei 
fiom the fulorne, “A'twlech recorded "under wih ichreidaia aa 
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isotonic, 44, one in which the tension remains constant throughout, 
the muscle aie ai both and then cas 
expresses i na phase ea ae, een 
“decreasing tension, If the alterations of tension are 
eee aan fsemetric curre. ‘This cures is Obtained ty 
agin seas which is v0 strong that the mus 
(ustede.. ‘This slight isogement tx then 
avoid obtained resembles in its main features 
i, but its maximum ix reached earlier, and it returns 
sooner, The fat top of the isometric curve described by 


F 


est 


ze 


the Konica process than that yielded by the ele method. The 
Lape light lever sach ax i* nsed for obtaining isotonic 
os account for the extra upward movement it ane 
matter is under koen discussion at present, and the { 
f& that expressed by Kaiser, Schenk, on tho other hand, maint 
to be an improbable ides that there are two vind 
in musele, which account for the difference obtained by the 


CHAPTER XI. 
THE ELECTRICAL PHENOMENA OF MUSCLE, 


We have seen that the chemical processes occurring in muscular 
contraction lead to a transformation of energy into work and 
eat. These changes are accompanied by electrical disturbances 
also, 

The history* of animal electricity forms one of the most 
fascinating of chapters in physiological discovery, It dates from 
4786, when Galvani made his first observations. Galvani was 
Profossor of Anatomy and Physiology at the University of Bologn 
and his wife was one day preparing some frogs’ legs for dinn 
when she noticed that the apparently dead legs ‘became convul sed 


which stood by. Galvani then 

lightning and atmospheric elect 

hang up some frogs’ legs to the 

‘of His house by means of copper he U 
tracted whenever the wind blew thera st the 


* Fora. tun and interest 
to Professor M'Kendricl 
‘The account in the text is mainly a 
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imagined this to be due to ‘socreted by the animal 
tissues, and this new principle was called Galvanism, Bat all his 
contemporaries did not agree with this idea, and most prominent 
among his opponents wax Volta, Professor of Physics at another 
Ttalian university, Pavia, He considered that the muscular con- 
tractions were not due to animal electricity, but to artificial 
electricity produced by contact with different metals, 

‘The controversy was a keen and lengthy one, and was ter- 
minated by the death of Galvani in 1798. Before he died, how. 
ever, he gave to the world the experiment known as “contraction 
without metals," which we shall study presently, and which oon- 
clusively proved the existence of animal electricity. Volta, how- 
ever, never believed in it. In his hand electricity took a physical 
turn, and the year after Galvani’s death he invented the Voltaic 
pile, the progenitor of our modern batteries, Volta was right in 
maintaining that galvanism can be produced mdependently of 
animals, but wrong in denying that electrical currents could be 
obtained from animal tissues. Galvani was right in maintaining 
the existence of animal electricity, but wrong in supposing that 
the contact of dissimilar metals with tissues proved his point. 

This conclusion has been arrived at by certain new methods of 
investigation. In 1820 Oersted discovered electromagnetism: 


— N 
Fig. 160, Fig. su 


that is, when a gulvanic current passes along a wire near a 
magnetic needle, the needle is deflected one way or the other, 
according to the direction of the current. ‘This led to the inyen- 
tion of the astatic needle and the galyanometer, an instrument by 
which very weak electrical currents can be detected. For a long 
time the subject of animal electricity, however, fell largely into 
disrepute, because of the quackery that grow up around it. It is 
not entirely free from this evil nowadays; but the scientific in- 
yestigation of the subject has led to a considerable increase of 
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knowlédge, and among the names of modern physiologists associated 
with it must be particularly mentioned 
those of Du Bois Reymond and Her- 
mann. 

Before we can study these it is, 
however, necessary that we should 
understand the instruments employed. 

The Galvanometer.—The easen- 
tial part of « galyanometer is a mag- 
netic needle suspended by a delicate 
thread ; a wire coils round it; and if 
« current flows through the wire, the 
noodle is deflected. Suppose a man to 
lw swimming with the current with his 
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The cella ef are arranged jon bran uprishte, 
Teal Mthebey nae. pore oases to the. Listing 
err. The whats apnarnton in placed pom 8 
VSihite plate cayal fag fevelled by the 
sew nie covered fy'a trom boand 
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cod gly which 

Miwhleh toe amuse ofthe current went tots the 
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wale ne ‘tage feet froma the gal 

from the lamp ts adje 
Sau bereancted spot ef lght tro ie tl 
the eens “ened the Le a4 
screws of the palvancenresr, a kry intervening Yor shart « 
tbe cuenta to ym the galvanometer, the 

leg ia. Wheo's current jrses into the gale 

and, Miho mirror, are turned to Uhe right oF left nocording to the direction of 
{he cnerent. The amount of the deficction of the needle is tuarked on the scale by: the 
pet of light travedling along it. 
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face to the needle, the north pole is turned to the left ‘hand. 
But such a simple instrument as that shown in fig. 160 would not 
detect the feeble currents obtained from animal tissues Tt is 
necessary to increase the delicacy of the apparatns, and this ix 
done in several ways In the first place, the needle must be 
rendered usfatic, that is, independent of the 

‘The simplest way of doing this is to fix two needles together (ax 
shown in fig. 161), the north pole of one pointing the same way 
asx the south pole of the other. The current baa 
needle and then over the other; the effect is 0 a 
deflection in each in the same direction, and so the sensitay 

of the instrument is doubled. If now the wire is” } not 
ouly once, but twice or more in the same position, each coil tus 
its effect on the needles; the multiplication of the effect of a 
weak current in this way is accomplished in actual galvanometers 
by many hundreds of turns of fine wire. 

Fig. 162 illustrates the best galvanometer: that of Sir 
Williara Thomson (now Lord Kelvin), It is called a reflecting 
gulvanometer, beewuxe the observer does not actually wateh the 
moving needle, but a spot of light reflected from a little mirror, 
which is attached to and moves with the needle, A very suull 
moverment of the needle is rendered evident, because the movo- 
ment of the spot of light being, as it were, ab the end of a long 
lever—uamely, the beam of light, magnifies it. 

Non-polarisable Blectrodes.—I/ a galvanometer is connected 
with a muscle by wires which touch the musele, electrical currents 
are obtained in the circuit which are set up by the contact of 
metal with musele. The currents so obtained form no evidence 
of electro-motive force in the muscle itself. It is therefore 
unecessary that the wires from the galvanometer should have 
interposed between them and the muscle some form of electrodes 
which are nov-polarisuble. Fig. 163 
shows one of tho earliest non-polarisable 
electrodes of Du Bois Reymond. It 
consists of a zinc trough on a vuleanite 
base. The inner surface of the trough 
is amalgamated and nearly filled with 
a saturated solution of sinc sulphate, 
In the trough is placed a cushion of 
blotting-paper, which projects over the 
of the trough ; on it there is a 
pad of china clay or kaolin, moistened 
with physiological salt solution (oS per 
cent, NaCl); on this pad one end of the muscle rests. The binding 
screw (4) connects the instrument to the galvanometer; the other 





Pig. \6).—-Nen-polarien 
‘redo of Du Bos 
MKendrink, 
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wud, or the middle of the same muscle, is connected by another 
now polirisable electrode in the same way to the other side of the 





-. viqe—Dingram of Du Buls Reymond's non-polari-able electrodes, glam tobe dled 
ie: okra attented solution of sito sulphale tthe ea. of which to lay drawn 
fat {0 & points the clay iy moistened with Oro NaC wolution; i the solution « well 
isalgamated zine rod Is immersed and connected, by mune of the wire 4, with the 
qalranutneter. ‘The remainder of the apparatus fs siunply for evuyenience of applion- 
tiem, The musede and the end of the moon nie are to Uhe right of the figure, 

















electrical difference of potential 
ricity) 





(that is, difference in amount of positive or negative o 
between the two parts of the muscle thus led off, there will be a 


galvanometer. If there is ai 








- 165. Armeagement for measuring the eleeteomotive force of uiuscl 
ne Mketk) 
swing of the galvancmeter needle; the galvanometer detects the 

existence and direction of any current that occurs. 
Fig. 164 shows 4 more convenient form of non-polarisable 


electrodes. 
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Th order to measure the 
the mere amount of swing of 
and in accurnte work the arrangement shown 





66. —Lippmonnn’s Capillary Electrometer, (After Waller. 
islet th peepee BO 


fixed. 

® Capillary tube, theed in outer tube containing 10 cent. sulphuric acid; 
the platinum wires are also shown. = 

s. Capillary and column of mercury ax wen in the Meld of the mleroscope, 





I Li 
Lnphasic Yanwtion, jultantour phobo of beat 
xphai aon, oumultaneour pi 8 nie be 








Vig. 169.—rog » 
0 





per bldck Tine), wnd the accompanying electrical change indicated by 
the black area, ly shows the varying level of mereury in a capillary clectrometer. 
(Waller. 
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‘The. electromotive foree is usually measured intorms of a standand Daniell 
eell. The two surfaces of the muscle (M) are connected to vanometer 
(B); the needle swings, and then a fraction of a Daniell cell is introduced 
in the reverse direction xo as to neutralise the muscle corrent, and bring 









5 second. The to the: electrometer 
$roer the, tooth bo tie halpverie nol; and frets be lett fovt to the somrcery? 


back the neadle to rest, From the Daniell cell K, wires pnss to the ends a, b 
af a long platicun wire of high resistance, ealled the compensatar ; 

slider on this wire ; a and ¢ are connected to the galvanometer, the com- 
mutator C enabling the observer to ensure that the current from the Daniell 
passes in the opposite direction to that produced by the muscle, If the 

















oD | 
\ 


yn 


“ Fig. 109,—Scherie of a Rheotome, (Waller.) 


stider ois placed at the end > of the compensator, the whole strength of 
tive Daniell. will be-sent through the galvanometer and will more than 
newt ‘the muscle current; ito is half way between a and 4, half the 
Daniell’s strength will'be sent in ; but this #* also too much ; ae will be found 
to be only quite a small fraction of ad; and this fraction will correspond 
toa inal fraction of the electromotive force of the Daniell cell, 
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into the ‘the acid, other 
Al steels" iid portions ot ie ee fps sete 
t beer a mi + the surface ae 
tension which easily recent ‘or diminished by variations of 


is ie af 
ee ee ee negative pole. 





ty 
tn make oF breaking the primary circuit ‘sends an induction, shock 
toto t narre nt the same ore Xa ae 
i muscle is connected by non-polarisable trodes: ie galyano- 

meter this cireult includes the brass blocks 2, , on the disc over Sich the 
bar revolves, and # Oompensator not shown in the fi to nestralise any 
current set up by the muscle in a state of rest. an electrical change 
occurs in the muscle, it is only noticed by the galvanometer if at the same 
time the bar on its revolution connects the two brass blocks on the diso, and 
so completes the circuit. The apparatus can be set so that the bar makes 
the primary contact (t, r) simultaneously with the galvanometer contacts, 
or that the galvanometer contact is made, 1, 2, 3, &¢. hundredths of a second 
later than the primary contact. If the two are closed simultaneously the 
electrical condition af the muscle is tapped off at the moment of excitation ; 
if the galvanomoter contact is closed yhy rk» rhe &% second after excit 4 
the electrical condition of the muscle at that particular instant is ascertained. 
By « nomber of experiments with different intervals between the 

‘the two contacts, one ascertains how long after the excitation the change 
in the electrical condition of the muscle takes place, 


i 


We oan now pass on to a consideration of results, 

In muscles that are removed from the body, it is found that 
on leading off two parts of their surface to a galvanometer, the 
galvanometer needle generally swings. The most marked result 
is obtained with « piece of muscle in which the fibres run parallel 
t one another, and the longitudinal surface is connected with one 
of the cut ends by a wire (2 in fig. 170). 

On the course of the wire a galvanometer indicates that a 
current flows from the centre to the cut end outside the muscle, 
and from the cut end to the centre inside the muscle, If, now, 
the muscle is thrown into tetanic contraction, the needle returns 
more or less completely to the position of rest. 

Du Bois Reymond, who firvt described these facts, called the 
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first current the current’ of rest, and the second curreht, the 
current of action ; the change in direction is indicated by the 

negatiw wariation; this means that the current of 
action is in the opposite direction to the ourrent of rest, and 
therefore lessens or neutralises it. The word negative is there- 
fore used in its arithmetical, not its electrical sense. Du Bois 
Reymond explained this by supposing that a muscular fibre is 





Pig. 1:0. Diagram of oa sarrent ‘ee muscle prism. (Du Bois Reymond.) 


built up of molecules, cach of which is positive in the contre 
and negative at both ends. So when a muscle is cut across, 


moleoule is lessened, and the resultant effect on the whole muscle 
(made up of such molecules) is similar. 


There is no doubt abont the facta as described by Du Bois 
Reymond, We now adopt, however, an entirely different view of 
their meaning: in causing this revolution of ideas the principal 
part has been played by Hermann. The new idea is that the 
so-called current of rest does not exist; it is really a current 
produced by injury, and is now generally called a demarcation 
current: the more the ends of the muscle are injured the more 
negative they become; and when they are connected to the 
uninjured contre, a current natarally is sot up as described by Du 
Bois Reymond. If a muscle is at rest and absolutely uninjured it 
is iso-tlectric ; that is, it gives no current at all when two parts of 
it are connected together by a wire. 

Since Du Bois Reymond’s researches, the clectrical changes 
which occur during a single twitch have been studied also, and 
before we ean understand the “negative variation” of tetanus, 
it ix obviously tiecesmry to.consider the electrical variation which 


“2 
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takes place during a twiteb, for tetanus is made up of o fused 
twitches. 7 


series of 


previously positive condition. ‘The increase of negativity indicates 
a disturbance of the stability of the tissue; the return of the 


is 
4 wave of contraction travels along it to the i 
mosele wave (see p.125) may be most readily studied in a 
curarised musele, that ix, in a musele which is physiologically 


Suppose two points 
(p) and (d) of the 
inusclo are connected 
by non-polarisable elec- 
trodes to a galvano- 
meter, and that the 
muscle wave is started 

Fie. 17 by & single stimulus 

applied at A: as soon 

as the wave reaches (p) this point becomes negative to (qd), 

and therefore a current flows from (d) to (p) through the 

galvanometer A moment later the two points are» equi- 

potential and no current flows; a minute fraction of a second* 

later this balance is upset, and now when tho wave reaches the 

point (d), that point is negative to (p), and the galyanometer 
needle moves in the opposite direction. 

The electrical variations may also be imvestigated by the 
capillary electrometer ; the mercury moves first in one direction, 
and then rapidly returns to its former position, The deep black 
curve in the next figure (fig, 172) shows the record obtaining by 
photographing the morement of the column of mercury on 4 
rapidly travelling photographic plate. 








The capillary electrometer has the advantage of giving us the means of 
measuring the time of onset and duration of the électrieal disturbance, and 
exporiments made with this instrument confirm the earlier experiments made 
with the rheotome, They show that the change only lasts a few thousandths 











~ © The time will vary with the distance between (p)iand (a). 





t Ms Bi el naa oe a ‘The grey curve is Lhe mnonophaaie 
cure ate masole when one electrometer contact was placwl on the iapure 
end. gf La ares ‘are placed one aver the other so that the beat 
snderyan 





‘Tf, however, teed of examining the electrical change in the 
musele in the manner depicted in fig. 171, one electrode is placed 
on the uninjured 
surface and the 
other on the cut 
end (see fig. 173), 

lectrical 


circumstances, 
the electrical 


phasic variation, ae 


omscle wave reaches (/), this part of the muscle, owing to its 
injured state, does not respond to the excitatory condition, and 
the electrical response is also extinguished. 

‘The grey curve in fig. 172 is the graphic record of the change 
as revealed by the capillary electrometer. [t will be seen that the 
ascending limb of the curve is identical ia the two cases, but that 
Fhe second phase is absent. From the point at which the diphasic 
curve approaches its culmination the injury curve diverges from 
it, continuing to ascend ; the line soon after becomes horizontal, 
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and thon begins slowly to decline. ‘This 
rtual cantyeuttty ot poh este SPE atiee 


The Elana pes a records oes i a a 


eckatet be ae eee 
possible to contract, wBat na aye dingram (fg. 
Te hon is that of 
of contact (p) an 
the relative 
| ofe- 





He sent in the tetanising bps shocks 
‘The electrical response is under 






cumstances a summation of the 


instantaneous stimuli; and the mono- 
phasic character of the single response 
explains easily that which occurs during 
"Kon Tinon Samdermony, tetanus; the centre of the muscle be- 

comes more negative or less positive 
than it was before, and so the electrical difference of potential 
betweerr the centre and the injured end is lessened. with 
regard to uninjured muscle the problem is not so easy. It is at 
first. sight difficult to see why the summed effects of a series of 
diphasic variations should take the direction of the first phase, 
as was found to be the case by Du Bois Reymond in experiments 
with the frog's gastrocnemius, One would have anticipated that 
“negative” variation in the arithmetical sense would be absent 
altogether, and this is the case in absolutely normal muscles ; 
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Hermann has shown that it is so during tetanus of the human 
forearm. But a muscle removed from an animal's body cannot 
be considered absolutely normal, and if the two contacts be placed 
on the comparatively uninjured longitudinal surface as in fig. 171, 
‘a negative variation is observed, each excitatory phase becoming 
weaker as it progresses, and the second phase of each diphasic 
effect is weaker than the first. The following figure illustrates 
the record obtained by the capillary electrometer from an injured 
sartorius excited rq times a second ; cach oscillation represents 
a single monophasic variation. The individual oscillations can, 
however, be seen when the excitations follow one another more 
rapidly, even up to 80 or 100 per second. 

Musote is not the only tissue which exhibits electrical phenomena, 


; 





ie. 175.—Eleetromater record of injured sartorius during tetanus, (Burdon Sanderson.) 


A nerve which is uninjured is iso-electric ; injury causes a demar- 
cation current; activity is accompanied with a similar diphasic 
ware travelling along the nerve simultaneously with the nervous 
impulse. The activity of secreting glands, and ulso of the retina, is 
accompanied with electrical changes of the same kind. 

But the most prominent exhibition of animal electricity is 
seen in the electric organs of electric fishes. In some of these 
fishes the clectric organ is modified muscle, in which a series, as 
it were, of hypertrophied end-plates correspond to the plates in a 
voltaic pile. In other fishes the electric organ is composed of 
modified akin glands. But in each case the electric discharge is 
the principal phenomenon that accompanies activity. 
Abealertial lascmsaen tn Living meee ts tran peice vod teomtne 
{nh the forse all Snnorrect sediso iu which they are employed by phyeoicgiats, 


‘words negntive and positive should really be transposed, In a Daniell 
coll, the zinc Is the positive clement, and is connected to the negative pole. 


~ qj 
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It fs fn this sense only that an fn) Arlen ae aan 
Tocbiate the dint ea ‘by this mi ‘rich has eryutallited iz 
physiological writings, Waller has suggested new terms, vix_ sineactier and 
tineadle, instead of negative and positive respectively, 


The Rheoscopic Frog. 
The electrical changes in muscle can be detected not only by 
the galvanometer and electrometer, but also by what is known as 
the physiological vheoscope; this consists of an ordinary muscle- 


\ 5 A = 


Pig. 175.—Galvant's experiment without metaln 








nerve preparation from a fresh and vigorous frog. The nerve is 
stimulated by the electrical changes occurring in muscles, and 
the nervous impulse so generated causes a contraction of the 
muscles of the rheoscopic preparation. The following are the 
principal experiments that can be shown in this way :-— 

1, Contraction without metals, If the uerve of « nerve-muscle 











Pig. 197.—Seeondary contmetion. (After Waller.) 


preparation A is dropped upon auvother muscle B (fig. 176) (or 
upon its own muscle) it will be stimulated by the injury current 
of the musclo on which it. is dropped, and lead to a contraction of 
the muscle (A) which it supplies, ‘The experiment succeeds best 
if the nerve is dropped across a longitudinal surface and a freshly 
made transverse section. 

2. Secondary contraction. This is caused by the current of action. 
If, while the nerve of A is resting on the muscle B (fig, 177), the 
latter is made to contract by the stimulation of its nerve, the 
nerve of A is stimulated by the electrical variation which aceom- 
panies the contraction of the muscle B, and so a contmetion of 
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muscle A is produced. ‘This is called secondary contraction. Tt may 
be either a secondary twitch or secondary tetanus, according as to 
whether the musele B is made to contract singly or tetanically, 

3. Secondary contraction from the heart. If an excised but still 
beating frog’s heart is used instead of muscle B, and the nerve of 
A laid across it, each heart's beat, accompanied as it is by an 
electrical variation, will stimulate the nerve and cause a twitch 
in the rheoseopic muscle A. 


CHAPTER XIII. 
THERMAL AND CHEMICAL CHANGES IN MUSCLE. 


Ty muscular contraction there is a transformation of the 
potential energy of chemical affinity into other forms of energy, 
molar motion and heat. Heat is a form of motion, 
in wi there is movement of molecules; in molar motion 
there is movement of masses, The fact that when a blacksmith 
hammers a piece of iron it becomes hot is a familiar illustration 
of the transformation of one mode of movement into the other. 
Heat is measured in heat-units or calories. Ofie calorie is the 
energy required to mise the temperature of 1 gramme of water 
from 0° to 1° ©.; and this in terms of work is equal to 425°5 
that is, the energy required to raise the weight 
of 425°5 grammes to the height of 1 metre. 

A muscle when uncontracted is nevertheless not at absolute rest. 
We have already seen that it possesses tonus or tone; it also 
what we may call chemical tone; that is, chemical 
changes are occurring in it, and consequently heat is being pro- 
duced. But when it contracts, the liberation of energy is 
increased ; work is done, and more heat is produced; the heat 
produced represents more of the energy than the work done. The 
more resistance that is offered to a muscular contraction, the 
more is the work done relatively increased and the heat diminished. 
The amount of heat produced is increased by increasing the 
tension of the muscle. It diminishes as fatigue comes on. On 
increasing the strength of the stimulus the amount of heat 

increases faster, proportionately, than the work performed, 
Tf work is done by a fow large contractions, more heat is pro- 
duced than if the same work is done by a Ianger number of smaller 
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contractions; that is, more chemical occurs, and 
fatigue ensues more rapidly in prey np sR is within 
the personal experience of everyone. If one ascends a tower, the 
work done is the mising of the weight of Pea sec tent 
the tower. If the staircase in the tower has a gentle slope, each 
stair being low, far less fatigue is experienced than if one ascended 
to the same height by a smaller namber of steeper steps. 

On a cold day one keeps oneself warm by muscular exercise; 
this common fact is confirmed by more necurite experiments on 
isolated muscles, the heat produced being sufficient to raise tempo- 
rarily the temperature of the muscle. This can be shown in 
large animals by inserting a thermometer between the thigh 
muscles and stimulating the spinal cord. The rise of temperature 
may amount to several degrees. 

In the case of frog's muscles, Helmholtz found that, after 
tetanising them for two or three minutes, the temperature rises 


¢ fir a 


oA BA AceeB BoA 
1 Coupe. Zi Couptes. 3 Couples. 
Pig. 155.—Beheme of thermo-electrio couples, \After Waller.) 


o'r4? to 018° C.; and for each single twitch Heidenhain gives « 
rise of temperature of from o'001° to o'005° C. 

For the detection of such small rises in temperature a thermo- 
pile, and not. a thermometer, is employed. 

A thermopile consists of a junction of two different metals; the 
metals are connected by wires toa galyanometer. If the junction 
is heated an electrical current passes round the cireuit, and is 
detected by the galvanometer, The metals usually employed are 
iron and German silver, or antimony and bismuth. If the number 
of couples in the circuit is increased, each is affected in the 
same way, and thus the electrical current is increased through 
the galvanometer. The arrangement is shown in the fig. 175, 
which also indicates the direction of the currents produced, the 
metals employed being antimony and bismuth. By using 16 
couples of this kind Helmholtz was able to detect a change of 
svirr of a degree Centigrade, 

Within certain limits, the strength of the current is directly 
proportional to the rise of temperature at the junction. 
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Tf two couples are in circuit, as sliown in the second diagram, 
and they are heated equally, no current will pass through the 
gulvanometer, the current through one couple being opposed by 
the current through the other. But if the two couples are heated 
unequally, the direction of swing of the galvanometer needle 
indicates which is the warmer. To apply this to the frog's gastro- 

lunge several needleshaped couples (diagram 3) into a 
frog's gastrocnemius of one side and the same number of couples 
into the gastrocnemius of the other side, and then excite first one 
then the other sciatic nerve ; « deflection of the galvanometer will 
be observed first in one, then in the other direction, indicating the 
production of heat first on one side, then on the other. 


Chomical Changes in Muscles. 


The chemical changes which are normally occurring in « resting 
muscle are much increased when it contracts, Waste products of 
oxidation are discharged, and the most: abundant of these is carbonic 
acid. Sarco-lactic acid is also produced, and the alkaline reaction 
of a normal muscle is replaced by an acid one, The muscles of 
animals hunted to death are acid ; the acid reaction to litmus paper 
of a frog's gastrocnemius can be readily shown after it lias been 
tetanised for ro to 15 minutes. 

The quantity of oxygen consumed is increased, but the con- 
sumption of oxygen will not account for the much greater increase 
in the discharge of carbonic acid. This is illustrated by the 
following table :— 


by means of an airpump. 
oxygen enters into the form 
compound he calls inogen, On con! 
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broken up into carbonic acid, sarco-lactio acid, and a proteid 
residue of myosin. 

‘There are other chemical changes in the muscle when it 
contracts—namely, a change of glycogen into sugar, and an 
increase of nitrogenous waste. ‘The question whether urea is in- 
creased during muscular activity is, however, » much debated one, 
and we shall return to it when we are studying the urine. What 
is certain is that the increased consumption of carbon (possibly in 
large measure derived from the carbohydrate stored in the musele) 
is @ much more marked and immediate feature than au ineresse 
in the consumption of nitrogen, 


Fatigue. 


If the nerve of a nerve-muscle preparation is. continually 
stimulated, the muscular contractions become more prolonged 
(see p. 124), smaller in extent, and finally cease altogether. 

‘The muscle is said to be fatigued: this is due to the consump. 
tion of the substances available for the supply of energy in the 
muscle, but more particularly to the accumulation of waste 
products of contraction ; of these, sarco-lactic acid is probably the 
principal one. Fatigue may be artificially induced in a musele by 
feeding it on a weak solution of lactic acid, and then removed by 
washing out the muscle with salt solution containing a minute 
trace of an alkali. If the musele is left to itself in the body, the 
blood stream washes away the accumulation of acid products, and 
fatigue passes off. 

The question next presents itself, where is the seat of fatigue? 
Is it in the nerve, the muscle, or the end-plates? Tf, after fatigue 
has ensued and excitation of the nerve of the preparation produces 
no more contractions, the muscle is itself stimulated, it contracts ; 
this shows it is still irritable, and, therefore, not to any great 
extent the seat of fatigue. 

If an animal is poisoned with curare, and it is kept alive by 
artificial respiration, excitation of a motor nerve produces 10 con- 
traction of the muscles it supplies. If one goes on stimulating the 
nerve for many hours, until the effect of the curare has disappeared, 
the block at the end-plates is removed and the muscles contract + 
the seat of exhaustion is therefore not in the nerves. 

By a process of exclusion it has thus been localised in the 
nerve-endings. 

When the muscle is fatigued in the intact body, there is, how- 
ever, another factor to be considered beyond the mere focal 
poisoning of the end-plates. This is the effect of the products of 
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contraction passing into the circulation and poisoning the central 
nervoun kystem. It is a matter of common experience that one's 
mental state influences markedly the onset of fatigue and the 
ilar work one can do, This aspeot of the question 
specially ‘by Mosso; he invented an instrument 
ergograph, The arm, hand, and all the fingers but one 
a suitable holder; the free finger repeatedly lifts a 
over a pulley, and the height to which it is raised is 
by a marker on a blackened surface. 

use of this instrument he has arrived at the conclusion 
the brain and central nervous system generally 
factor in fatigue, and that the fatigue products 
in the muscles during work cause most of their injurious 
the central nervous system and diminishing 
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forcible manner the fact that the central nervous system 
fatigued than the nerve endings in muscle, A 
person goes on lifting the weight until, under the influence of the 
will, he is unable to raise it any more. If then without waiting 
for fatigue to pass off, the nerves going to the finger muscles are 
stimulated artificially by induction shocks, they once more enter 
into vigorous contraction. 

‘Mosso has also shown that the introduction of the blood of a 
fatigued animal into the circulation of a normal ono will give rise 
in the latter to all the symptoms of fatigue. The blood of the 
fatigued animal contains the products of activity of its muscles, 
‘but still remains alkaline; the poisonous substance cannot there- 
fore be free lactic acid; and lactates do not produce the effect. 
Lactic acid is doubtless one only of the products of muscular 
activity; we have at present no accurate knowledge of the 
chemical nature of the others 


Rigor Mortis. 


‘After death, the muscles gradually lose their irritability and 
pass into a contracted condition. This affects all the muscles of 
the body, and usually fixes it in the natural posture of equilibrium 
or rest. The general stiffening thus produced constitutes rige 
mortis or post-mortem rigidity. 

The cause of rigor is the coagulation of the muscle-plasma, 
which is more fully described in the next section. This congula- 
tion results in the formation of myosin, and is gradual in onset. 
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Simultancously the muscles (a) teeonie shortened and ee 
5 eH fe sa cvoleed, (c) they give off carbonic ee and ieee 
; this is due in part to the formation of sarco- 
Gas in part to the formation of acid 

After a varying interval, the rigor passes off, the muscles 
are once more relaxed. This sometimes occurs too quickly to be 
caused by putrefuction, and the suggestion that in such cases at 
any rate such relaxation is due to a ferment-action is very 
It is known that pepsin (absorbed from the alimentary canal) is 
present in muscle, and that this formont will act in an acid medium, 
‘The conditions for the solution of the coagulated myosin are there- 
fore prosent, as the reaction of rigored musele is acid. 

Order of Occurrence-—The muscles are not affected simul: 
taneously by rigor mortis. It affects the neck and lower jaw 
first; next, the upper extremities, extending from above down- 
wards ; and Jastly, reaches the lower limbs; in some rare 
instances it affects the Jower extremities before, or simul- 
taneously with, the upper extremities, It usually ceases in the 
order in which it begins: first at the head, then in the upper 
extremities, and lastly in the lower extremities. It seldont com- 
mences earlier than ten minutes, or later than seven hours after 
death ; and its duration is greater in proportion to the lateness 
of its accession. 

Since rigidity does not ensue until muscles have lost the 
capacity of being excited by external stimuli, it follows that all 
circumstances which cause a speedy exhaustion of muscular irri- 
tability, induce an early occurrence of the rigidity, while con- 
ditions by which the disappearance of the irritability is delayed, 
are guceceded by w tardy onset of this rigidity. Hence its speedy 
occurrence, and equally speedy departure in the bodies of persons 
exhausted by chronic diseuses; and its tardy onset and long 
continuance after sudden death from acute diseases. 


In some cases of sudden death from lightning, violent Injaries, or 
paroxysms of passion, rigor mortis Has been said not to occur at all; but 
this #8 not always the case, It may, indeed, be doubted whether thore is 
really a complete absence of the post-mortem rigidity in any auch cases 
for the experiments of Brown-Séquard make it probable that the rigidit ity 
may supertene immediately after death, and then pass away with sn 
mpidity us to be searcely observable. 


The occurrence of rigor mortis is not prevented by the previous 
existence of paralysis in a part, provided the paralysis has not 
been attended with very imperfect nutrition of the muscular 
tissue. 
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Chemical Composition of Muscle, 
The phenomena of ‘rigor mortis will be more intelligible if we 
consider the chemical composition of muscle. 
The connective tissue of muscle resembles connective tissue 


‘The contractile substance within the muscular fibres is, during 
life, of semi-liquid consistency, and contains a large percentage of 
proteids and smaller quantities of extractives and inorganic salts. 
By the use of a press this substance can be squeezed out of per- 
fectly frosh musoles, and it is then called the mi 

After death, muscle-plasma, like blood-plasma, coagulates (thas 
eausing the stiffening known as rigor mortis). The solid clot 
corresponding to the fibrin from blood-plasma is called myosin, and 
the liquid residue is called the musele-serum. 

Pursuing the analogy cee it is found that the eyes 


clotting is produced by the action of a ferment developed after 
death. Tn both cases the precursor of the solid clot is a proteid 
of the globulin class which previously existed in solution. 

Fibrin in the blood-clot is formed from the previously solublo 
fibrinogen of the blood-plasma. Myosin in the musele-clot is 
formed from the previously soluble myosinogen* of the muscle- 

When the blood-clot contracts it squeezes out blood- 
serum ; when the muscle-clot contracts it squeezes out muscle- 
serum, The miiscle-serum contains small quantities of albuminous 
material, together with the extractives and salts of the muscle. 
The > oFigio of the sareo-Inctic acid is « controy versial question ; some 

‘The wyeain are really two in setae paramyosit which 
i i conga ‘by heat at 47°—50", 108 mycalnogen, Shieh iH ‘coagulated “ 


“ree i muscle is nally heated nt a certain temperature it con- 
itly, and loses its irritability, This phenomenon is called 

» It is undoubtedly due to the coagulation of the proteids in 

i muscle. Ifa tracing is taken of the shortening, it is found that the 
ocours at the coagulation temperature of paramyosinogen 

Gras, if the heating is continued, a second shortening occurs at 
ition on temperature of mycsinogen. If frog’s muscles are used, 


= containing an addi 





sbortenings, vit. at 40", 47° and 56° 0.: frog's muscle: 
itional ‘proteid’ which coagulates at 40", (T. G, 
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believe it originates from the carbohydrate (glycogen and sugar) ; 
others think it comes from the proteid molecules in the muscle. 
The general composition of muscular tissue is the following -— 





Water . « - + 75 percent. 
gee ot wage ome - 
Crotelis ee ee 
felatin =. A tes 

Fat. ‘ - : } i 
Extractives ' ia 

Tnorganic salts - - . 1m2 ” 


The proveids, as already stated, chiefly puss into the clot : very 
little is found in the muscle-serum, 

‘The extractives comprise a large number of organic substances, 
all present in small quantities, some of which are nitrogenous, like 
creatine, creatinine, xanthine, and hypoxanthine; the rést are 
non-nitrogenous—namely, fats, glycogen, sugar, inosite, and the 
variety of lactic acid knowm as sarco-lactic acid. The inorganic 
salts are chiefly salts of potassium, especially potassium phosphate, 

The condition of dead muscle reminds one somewhat of con- 
tracted muscle. Indeed, the similarity is so striking that Her- 
mann has propounded the idea that contracted muscle is muscle 
on the road to death, the differences between the two being of 
degree only. He considers that, on contraction, tnogen (see 
Pp: 155) is broken up into carbonic acid, sarco-lactic acid, and 
myosin ; on death the same change occurs, only to a much more 
marked extent, 

‘This idea is « far-fetched one, but it is a useful reminder of the 
similarities of the two casea. In chemical condition, contracted 
and dead muscle are alike, so far as the formation of acid products 
is concerned ; there is, however, no evidence of any formation of 
a muacle-clot (myosin) during the contraction of living muscle, as 
there is in dead muscle. Then heat is produced in both cases, 
and in both cases also the muscle is negatively electrical to un- 
contracted muscle, 

Here, however, the analogy must end: for living contracted 
muscle is irritable, dead muscle is not. Living contracted muscle 
is more extensible than uncontracted muscle; muscle in rigor 
mortis is not so (see fig. 156, p. 134). 
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CHAPTER XIV. 
COM/ARISON OF VOLUNTARY AND INVOLUNTARY MUSCLE 


‘Tue main difference between voluntary and involuntary muscle 
is the difference expressed in their names. Voluntary muscle is 
under the control of that portion of the central nervous system 
the activity of which is accompanied by volition. Involun- 
tary muscle on the other hand, is, as a rule, also under the 
control of the central nervous system, but of a portion of the 
central nervous system the activity of which is independent of 
volition. There appear, however, to be exceptions to this rule, 
and the involuntary muscle executes its contractions independently 
of nervous control; that is to say, it is sometimes in the truest 
sense of the term really involuntary. This is very markedly seen 
in the developing heart of the embryo, which begins to beat 
before any nerve fibres have grown into it from the central 
nervous system, 

Another characteristic of involuntary muscle is a tendency to 
regular alternate periods of rest and activity, or rhythmicality. 
This is best. exemplified in the heart, but it is also seen in the 
lymphatic vessols, especially the lymph hearts of the frog, and the 
mosenteric lymphatic vessels (lacteals) of many animals. It is 
soon in the veins of the bat’s wing, and in the muscular tissue of 


spleen. 

A third characteristic of involuntary muscle is. peristalsis, If 
any point of a tube of smooth muscle such as the small intestine 
ig stimulated, a ring-like constriction is produced at this point. 
After lasting some time at this spot it slowly passes along the 
tube at the rate of 20 to 3o millimetres per second. This 
advancing peristaltic wave pormally takes place in only one 
direction, and so serves to drive on the contents of the tube. 

Involuntary muscle nearly always contains numerous plexuses 
of non-medullated nerve-fibres with ganglion cells; so that much 
discussion has taken place on the question whether the phenomena 
of rhythmicality and peristalsis are properties of the muscular 
tissue iteelf or of the nerves mixed with it. The evidence 
available (namely, that portions of muscular tissue entirely free 
from nerves act in the same way as those that possess nerves) 
indicates that it is the muscular rather than the nervous tissues 

KP a 
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that possess these properties ; Boet Jes hardly be doabted 
that under usual circumstances the contraction of involuntary 
muscle is influenced and controlled by nervous agency. 

‘The artificial stimuli employed for smooth muscle are the sume 
as those used for striated muscle; single induction shocks are 
often ineffectual to produce contraction, but the make, and to 
@ loss extent the break, of a constant current will act as « 
stimulus. 

The faradic current is a good stimulus, but it never throws 
involuntary muscle into tetanus; in the heart, strong stimulation 
will sometimes effect a partial fusion of the beats, but never 
complete tetanus. The rate of stimulation makes no difference ; 
in fact, very often a rapid rate of stimulation calls forth less 
rapidly occurring contractions than a slow rate. 

A stimulus strong enough to produce a contraction at all 
usually elicits a maximum contraction, but the phenomenon 
known as the staircase (seo p. 124) ix generally better marked 
in the case of the heart than in that of voluntary muscle. 

The contraction of smooth muscle is so sluggish that the 
various stages of latent period, shortening and relaxation can be 
followed with the eye; the latent period often exceeds half 4 
second in duration. 

The normal contraction of voluntary muscle is a kind of 
tetanus (voluntary tetanus, see p. 128); the normal contraction 
of plain muscle is a much prolonged single contraction, A very 
valuable pioce of evidence in this direction is seen in the experi- 
ment on the heart with the physiological rheoscope (see p. 153)- 
Each time the heart contracts the rheoscopic preparation executes 
@ single twitch, not a tetanus, This is an indication that the 
electrical change is 4 single one, and not a succession of changes 
such as occurs in tetanus. 

When, however, this electrical change is examined with the 
electrometer, it is seen that it really is a diphasic one; bat ina 
slowly contracting tissue like the heart-muscle the two phases are 
separated by a prolonged period of equipotentiality, and thus they 
are rendered more distinct.* The illustrations already given 
(figs. 167 and 168) show this fact graphically. 


But though involuntary muscle cannot be thrown into tetanus, 
it has the property of entering into a condition of sustained 





* When the heart is beating sluggishly in the rheoscoptc experiment above 
referred to, the separation of the two phases of the electrical change will 
sometimes cause two twitches in the muscle nerve preparation 
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stra called tonws. We shall have to consider this ques- 
Son SUM arceanespassia> Ys Pidla, seuacalsy, Seeye, ct the 


Involuntary muscle when it contracts und thermal and 
shericl changes similar to those we have dealt with in the case 
of the voluntary muscles, 
The 
dose of 
ml 





nerve-endings in involuntary musele require a much larger 
curare to affect them than the end-plates in voluntary 







‘The jcbenamens ot rigor mortis in involuntary muscle have 
never been fully studied. What bas been found is that the 
chemical composition of involuntary muscle differs in no note- 
worthy manner from that of voluntary muscle, and on death the 
musele becomes acid; such products as carbonic acid and sarco- 
lactic acid are formed. Tn the heart, stomach and uterus rigidity 
has been noted, but in the case of the other involuntary muscles 
! it has never been satisfactorily observed. 


CHAPTER XY. 
PHYSIOLOGY OF NERVE, 


Many points relating to the physiology of nerve have been 
already studied in connection with muscle. — But there still remain 
further questions upon which we have hardly touched as yet. 


Classification of Nerves. 


‘The nerve fibres which form the conducting portions of the 
nervous system may be classified into three main groups, according 
to the direction in which they normally conduct nerve impulses. 
‘These three classes are :— 

1. Efferent nerve fibres. 
2. Afferent nerve fibres. 
3. Inter-contral nerve fibres. 


| +, Efferent or centrifugal nerves are those which conduct 

from the central nervous system (brain and spinal 
cord) to other parts of the body. When for instance there is « 
wish to move the band, the impulse starts in the brain, and travels a 
certain distance down the spinal cord ; it leaves the spinal cord by 
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eT 
‘the hand which are thrown into contraction. 
called motor, but all efferent nerves are not m 
secretion instead of movement, and others m 
of movement, etc, A list of the classes of 
follows :— 4 
@. Motor. 
6, Accelerator, 
¢. Inhibitory. 
Z & . 
¢. Electrical. iii 
f. Trophic. = 


a. Motor nerves, Some of these go to voluntary muscles ; others — 
to involuntary muscles, such as the vaso-motor nerves which 
supply the muscular tissue in the walls of arteries, ar 

6, Accelerator nerves are those which produce an increase in 
the rate of rhythmical action. An instance of these is seen 
in the sympathetic nerves that supply the heart, 

c. Inhibitory nerves are those which cause a slowing in the mite 

of rhythmical action, or it may be its complete cessation. 

Inhibitory nerves are found supplying many kinds of in- 

voluntary muscle; a very typical instance is found in the — 

inhibitory fibres of the heart which are contained within the ) 
trunk of the vagus nerve.* 

d, Secretory nerves are found supplying many secreting glands, 

such as the salivary glands, pancreas, gastric glands, and 

sweat glands, The impulse which travels down a secretory 
nerve causes a formation of the secretion in the gland it 
supplies. 

. Electrical nerves are found in the few fishes which posses 

electrical organs. The impulse which travels down these 

nerves causes the electrical organ to be thrown into 
activity. 

J. Trophic nerves are those which control the nutrition of. the 

part they supply. 

2. Afferent or centripetal nerves are those which conduct 
impulsee in the reverse direction, namely from all parts of the 
body to the central nervous system, When one feels pain in the 
finger, the nerves of the finger are stimulated, an impala travels 


* The question has been much debated whether waaay muscle is 
vided with inhibitory nerves; they do, however, appear to be in 
certain nerves supplying the muscles of the claws of lobsters and similar 
crustaceans, 
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up the nerves to the spinal cond, and then to the brain. The 
mental process set up in the brain is called a sensation; the 
sensation, to the end of the nerve where 
the the sensation of pain does not appear 
to ocour in the brain, but in the finger. This is an instance 
of & sensory nerve; and the terms afferent and sensory pes 
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cause pain, 
The words “sensory” and “afferent,” however, are not quite 
synonymous. Just as wo may have efferent impulses leaving 
the heart or blood-veasels of which we have no 


ii ‘Thus a speck of dust falls into the eye, and causes 

movements of the eyelids to get rid of the offending object. The 

dust excites the sensory nerve-endings in the conjunctiva, an 

impolse travels to the contre of this nerve in the brain, and from 

the brain a reflected impulse travels to the muscles of the 
instance a 


eyelid, As an of a reflex action in which secretion 
is concerned, take the watering of the mouth which occurs 
when food is seen or smelt The nerves of sight or smell 
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‘These, however, are instances of reflex action which are 
xecompanied with conscious sensation, but like all pure refer 
actions are not under the control of the will 

An instance of a reflex action not accompanied with conscions- 
ness is seen in a man with his spinal cord cut across or crushed, 
eo that any communication between his brain and his legs i 
impossible. He cannot move his legs voluntarily and is an- 
conscious of any feelings in them. Yet when the soles of his 
feet are tickled he draws his legs up, the centre of reflex 
action being in the grey matter of the lower region of the 
spinal cord. 

For a reflex action, three things are necessary: (1) an afferent 
nerve, (2) a nerve-centre consisting of nerve-cells to receive the 
afferent impulse.and send out an efferent impulse, and (3) an 
efferent nerve along which the efferent impulse may travel. If 
the reflex action is a movement, the afferent nerve is called 
excito-motor ; if it is a secretion, the afferent nerve is called ercito- 
secretory, similarly afferent nerves may also be excito-aceelerator, 
ercito-inhibitory, eto. 

3. Intercentral nerves are those which connect nerve-centres 
together; they connect different parts of brain, and of the cont 
toone another, and we shall find in our study of the nerve-centres 
that they are complex in their arrangement. 








Investigation of the Functions of a Nerve. 


‘There are always two main experiments by which the function 
of a nerve may be ascertained. The first is section, the second is 
stimulation. 

Section consists in cutting the nerve and observing the loss of 
function that ensues. Thus, if a motor nerve is cut, motion of 
the museles it supplies can no longer be produced by activity 
of the nerve-centre; the muscle is paralysed. If a sensory nerve 
is cut, the result is loss of sensation in the part it comes from. 

Stimulation of the cut nerve is the opposite experiment, 
When a nerve is cut across, one piece of it is still connected 
with the brain or spinal cord; this is called the central end; the 
other piece, called the peripheral end, is still connected with some 
peripheral part of the body. Both the central and the peripheral 
end should be stimulated ; this is usually done by means of 
induction shocks. In the case of a motor nerve, stimulation of 
the central end produces no result ; stimulation of the peripheral 
end produces 4 nervous impulse which excites the muscles to con- 
tract, In the case of a sensory nerve, stimulation of the peripheral 
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ond has no result, but stimulation of the central end causes a 
sensation, usually a painful one, and reflex actions, which are the 
result of the sensation. 


When # nerve is cut across, there are other results than the 
lows of function just mentioned ; for even though the nerve is 
still left within the body with a normal supply of blood, it 
becomes less and less irritable, till at last it ceases to respond to 
stimuli altogether. This diminution of excitability starts from 
the point of section and travels to the periphery, but is tem- 
porarily preceded by a wave of increased excitability travelling in 
the same direction (Ritter-Valli law). 

‘This loss of excitability of nerve is accompanied with degen- 
erative changes which are of so great importance as to demand a 
separate section. 

Degeneration of Nerve, 


Suppose a nerve is cut right across, the piece of the nerve left 
in connection with the brain or spinal cord remains healthy both 
in structure and functions ; but the peripheral piece of the nerve 
loses its functions and undergoes what is gencrally called after 
the discoverer of the process, Wallerian degeneration, A nerve is 
made up of nerve-fibres, and each nerve-fibre is essentially a branch 
of a nerve-cell; when the nerve is cut, the axis cylinders in the 
peripheral portion are separated from the cells of which they are 
branches and from which they have grown. ‘These separated 
portions of the axis cylinders die, and the medullary sheath of 
each undergoes a gradual process of disintegration into droplets 
of myelin, which are ultimately absorbed and removed by the 
lymphatics. At the same time there is a multiplication of the 
nuclei of the primitive sheath, This degenerative process begins 
one or two days after the section has been made, In the case 
of the non-medullated fibres, there is no medullary sheath to 
exhibit the disintegrative changes just alluded to; and the nuclei 
of the sheath do not multiply ; there is simply death of the axis 
eylinder. The degeneration occurs simultaneously throughout 
the whole extent of the nerve ; it does not start from the section 
and travel to the periphery. 

A great amount of attention has been directed to this process 
of degeneration, because it bas formed a valuable method of 
research in tracing nervous tracts, and ascertaining the nerve-cells 
from which they originate. It must not, however, be regarded as 
an isolated phenomenon in physiology ; it is only an illustration 
Of the universal truth that any portion of a cell (in this case 
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the axis cylinder process) cut off from the nucleus of the cell 
degenerates and dies, 

If a nerve is simply cut, and allowed to heal, regeneration of 
function in time occurs, ‘This is hastened by the surgeon 
suturing the cut ends of the nerve together, It must not, how- 





A : or: 

“er 
Fig. 139—Degenertion and regeneration of nerve-fibres. 4, nerve-tibre, fifty hours after 
operation, my, medullary sheath breaking up into myelin drops.” p. granular prote- 
jam replacing myelin, m, nucleus. g, primitiw sheath, x, nervetbre after four 
Taye. cy, axineylinder partiy broken up and enclosed im portivts of myelin. "c, amore 
advanced stage in which the medullary sheath hns alinost disappeared. "Numerous 
Ruch, n” are seen. 1, commencing regeneration ; several bres (¢, ) have sprouted 
from the somewhat bulbous cut end (J) of the nares. , an wxis cylinder ‘which has 
not yet acquired ite medullary sheath, s,¢ primitive shenth of the original hee. 

(Ranvier) 








ever, be supposed that this is due to a restoration of the structure 
of the fibres in the peripheral portion of the cut nerve. It is 
due tw new nerve-fibres sprouting out from the central end of the 
cut nerve, and growing distalwards in the old sheaths, This is 
illustrated in D, fig. 179. Regeneration of cut fibres never 
oceurs in the brain or spinal cord, 

When regeneration does not, take place, the central ends of the 
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cut fibres and the cells from which they originate undergo slow 
atrophic changes (disuse atrophy). 


Functions of the Roots of the Spinal Nerves. 


The general truths enunciated in the two preceding sections 
are well illustrated by the experiments made to determine the 
functions of the roots 
of the spinal nerves. 
Each spinal nerve ori- 
ginates from the spinal 
cord by two roote. One 
of these is called the 
anterior or ventral root : 
it consists of nerve- 
fibres which originate 
from the large multi- 
polar cells in that por- 
tion of the grey matter 
in the interior of the 
spinal cord which we 
shall presently learn to 
call the anterior horn. 
These nerve-fibres are 





Fig. v#0.—a, Bipolar cell from spinal ganglion of a 

all medullated ; the "sj west embryo, ,puceue the arronnindicate 
‘oi vi ¢ direction in which the nerve procomes grow, 

large ones join up with ume to th wpipal cord. the other tothe periphery. 
i 1, a cell from the xpinal oft 

the posteriot’<root to we Rate eoleeont fo fone Tedasped 

form the spinal nerve ; ftneBon, (Diagrammatic. ) 


the small nerye-fibres 

leave the root and pass to the sympathetic chain, whence they are 
distributed as non-medullated fibres to the involuntary muscular 
fibres of the blood-vessels, etc. 

The other root, the posterior or dorsal root, has upon it a col- 
lection of nerve-cells forming the spinal ganglion. Each nerve- 
cell is enclosed within a nucleated sheath of connective tissue 
origin, and it is from these nerve-cells that the fibres of the 
posterior roots grow. In the embryo, each nerve-cell has two 
processes (fig. 180), one of which grows to the spinal cord, 
where it terminates by branching around the multipolar cells of 
the grey matter; the other process grows outwards to the peri- 
phery. In the adult mammal (not in fishes) the two processes 
coalesce in the first part of their course, forming a J-shaped junction. 

The first experiments on the functions of the spinal nerve-roots 
were performed in this country by Sir Charles Bell (1811), and in 
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France by Magendie (1822). These observers found that on 
section of the anterior roots there resulted paralysis of the 
muscles supplied by the nerves; on section of the posterior 
roots there was loss of sensation, 
‘These experiments clearly pointed 
to the conclusion that the anterior 
roots contain the efferent (motor) 

fibres ; and the posterior roots the 
Sewn Wek Soren. (densory) ‘bres. © This 
conclusion was confirmed by the 
experiment of stimulation. Stima- 
lation of the peripheral end of the 


cut anterior root caused muscular 
\ movement ; of the central end, no 






Spinal Cord 


Anterior toot 

effect. Stimulation of the central 

Spinal Nerve» tt the Kar Lee Foot 

cau un move 

Fig. eit. Deda wy Slodtratepererrent pental ee the” polipRbat '0bd) 
no effect. 

Recurrent sensibility — 
One of the statements just 
made requires aslight modi- 
fication ; namely, excitation 
of the peripheral end of a 
divided anterior root will 
evoke pain and reflex move- 
ments, as well as direct 
movements ; that is to say, 
the anterior root though 
composed mainly of motor 





fibres contains a fewsensory 
fibres coming probably from 
the membranesof the spinal 
cord, and then running into 
Pe. th tration cf nerverwola, “the posterior root with the 


rest of the sensory fibres. 
They often, however, ran down the mixed nerve a considerable 
distance before returning to the posterior roots. 

The upper diagram on this page (fig. 181) illustrates the course 
of one of these recurrent fibres (r); the arrows represent the 
direction in which it conveys impulses, 

Degeneration of roots—The facts in connection with this 
subject were made out by Waller (1850), and may be best 
understood by referring to the next diagram (fig. 182), 
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B represents the result of section of the anterior root; only 
the anterior root-fibres degenerate; the sensory fibres of the 
posterior root remain intact, The small medullated nerve-fibres 
(not shown in the diagram) also degenerate as far as the ganglion 
cella of the sympathetic system with which they communicate, 


root remains intact except for the re- 
current sensory fibres which it con- 
tains. If the section is made as in 





which they do at different levels. The whole of the sensory 
fibres including the recurrent ones which are still attached to 
the ganglion remain histologically healthy. 

The accompanying figure (fig. 183) is one of the original 
Mlustrations made by Dr. Waller, and not published until the 
publication of his son’s text-book quite recently. 1 am indebted 
to the present Dr. Waller for permission to reproduce it. 

‘These facta of degeneration teach us, what we also learn 





* In onder to obtain any appreciable loss of sensation, it is necessary to 
divide several posterior roots, as there is a good deal of overlapping in the 
peripheral distribution of the fibres, 
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from the study of embryology, that the nerve-fibres of the 
anterior root are connected to the nerve-cells within the spinal 
cord, while the posterior root-fibres are connected to the cells 
of the spinal ganglia; or, to pat it another way, the trophic 
centres which control the nutrition of the nerve-fbres are situated 
within the cord for the anterior roots, and within the spinal 
ganglia for the posterior roots. 


Changes in a Nerve during Activity. 

When a nerve is stimulated, the change luced in it 
is called a nervous impalse; this change era along the 
nerve, and the propagation of some change is evident from the 
effects which follow: sensation, movement, secretion, &e.; but in 
the nerve itself very little change can be detected. There is no 

* change in form; the most delicate thermo-piles have failed to detect 
any production of heat, and we are also ignorant of any chemical 
changes. The only alteration which can be detected as evidence 
of this molecular change in a nerve is the electrical one. Healthy 
nerve is iso-electric, but during the passage of s nervous impulse 
along it there is a very rapid diphasic variation, which travels 
at the same rate ag the nervous impulse. This i# similar to the 
dipbasie change in muscle, which we have already studied, and 
can be detected in the same way (see further, p. 188). 


Volocity of a Nerve Impulse. 


A nervous impulse is not electricity; compared to that of electri- 
city its rete of propagation is extremely slow. It has been measured 
im motor-nerves as follows: a muscle-nerve preparation is made 
with ws long a nerve as possible ; the nerve is stimulated first as 
near to the muscle, and then as far from the muscle, as possible, 
‘The moment of stimulation and the moment of commencing con- 
traction is measured by taking muscle tracings on a rapidly moving 
surface in the usual way, with a time-tracing beneath, The con- 
traction ensues later, when the nerve is stimulated at a distance 
from the muscle, than in the other case, and the difference in the 
two cases gives the time occupied in the passage of the impulse 
along the piece of nerve, the length of which can be easily measured. 

A similar experiment can be performed on man. by means of the 
transmission myograph (sco p. 129), If a tracing of the contrac- 
tion of the thumb muscles is taken, the two stimuli may be 
successively applied through the moistencd skin, first at the 
Trachial ploxus below the clavicle, and secondly, at the median 
nerve at the bend of the elbow. 


_ aa 
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Anothor method, largely employed by Bornstein, is to take the 
electrical change as the indication of the impulse, The rheotome 
is the instrument used. gee 169 (p. 145) is referred to, aud along 
nerve substituted for the muscle-nerve preparation, the stimulus 
is applied at one end, and the change in the electrical condition of 
the nerve is recorded by the galvanometer, which is connected to 
the other end of the nerve. The time measurement is effected by 
the adjustment of the rheotome, which must be such as to tap off 
the electrical change at the moment it occurs. 

‘The rate of the transmission of nervous impulses discovered by 
these methods is, in a frog's motor-nerve, 28 to 30 metres a second ; 
in ‘human motorerves, 33 motres’a socond ; in sonsory nerves, 
30 tO 33 metres a second. 


Direction of a Nerve Impulse, 


Nerve impulses are conducted normally in only one direction ; 
in efferent nerves from, in afferent nerves to, the nerve-centres. 
Bat there are some experiments which 
point to the conduction occurring under 
cortain circumstances in both directions. 

Thus, in the rheotome experiment just A 
described, if the nerve is stimulated in the 
middle instead of at one end, the electrical 
change (the evidence of an impulse) is 
found to be conducted towards both ends 
of the nerve, 

Kihne’s gracilis experiment proves the B 
same point, The gracilis muscle of the 
frog (fig. 184) is in two portions, with a 
tendinous intersection, and supplied by 
norve-fibres that branch into two bundles; —"#: "#5 Oullis of frog. 
excitation strictly limited to one of these 
bundles, after division of the tendinons intersection, causes both 
portions of the muscle to contract. 

Another striking experiment of the same kind can be performed 
with the nerve that supplies the electrical organ of Malap- 
tereorus. This nerve consists of a single axis cylinder and its 
branches; stimulation of its posterior free end causes the “ dis- 
charge” of the electrical organ, although the nervous impulse 
normally travels in the opposite direction. 

Older experiments, designed to prove the sme points, were performed by 
Post Bert. He grafted the tip of a mt’s tail either to the back of the same 


tf, or to the note of another. When union had becn effected, the tail was 
ampathted near its base. After a time, irritation of the end of the trunk- 


! 





Chomistry of Nervous Tissues. — 


The nervous tissues contain a large amount of water; it ix 
present in larger amount (85"to go per cent.) in grey matter than — 











in white matter (about 70 per cent.); in early than in adult life; in 
the brain than in the spinal cord; in the spinal cord than in nerves. 

The solids contain :— 

a. Proteids : these comprise about half the solid matter in 
matter, and about one-third of the solid matter in white 
matter and nerve, In other words, proteid is most abundant 
where the cells are situated, which is what one would expect. 
The proteids found are nucleo-proteid and globulin, 

“6, Albuminoids : (1) neuro-keratin, contained within the white 
substance of Schwann and forming the chemical basix of 
neuroglia, the supporting tissue of the nerve-centres; (>) 
nuclein, from the nuclei of the cells. 

¢, Fatty materials: the most important of these is lecithin, » 
complex fat coftaining phosphorus and nitrogen, in addition 
to carbon, hydrogen and oxygen. The lecithin in the nervous 
tissues is combined with cerebrin ; the compound so formed 
is called protagon. 

d. Cerebrins: nitrogenous substances of unknown constitution 
which yield a reducing sugar (galactose) on hydration. 
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¢. Cholesterin : @ erystalline alcohol which we shall study more 
fully in connection with bile, where it is also found. 

Jf Extractives, similar to those found in muscle, but in very 
minute quantity, 

g Gelatin and fat.from the adherent connective tissue. 


inorganic 

The table on the preceding page gives some of the quantitative 
analyses that have been made of the solids in percentages. 

Nothing is Known of the changes there undergo during the 
sctivity of nerve. It is possible that carbonic acid is produced, see 
p. 188. When nervous tissues die, they, like muscles and all organs 
of the body, become acid from the development of lactic acid. 

In Wallerian degeneration, the staining reactions indicate that 
the lecithin, the principal constituent of the medullary sheath, is 
replaced by ordinary fats. This has been confirmed by chemical 
analysis. 


CHAPTER XVI. 
ELHCTROTONUS. 


Wes « constant current is thrown into « nerve, there is an 
excitation which leads to a nervous impulse, and this produces 
& contraction of the muscle at the end of the nerve. Similarly, 
there is another contraction when the current is taken out. 
While the current is flowing through the nerve, the muscle is 
quiescent. But while the current is flowing there are changes in 
the nerve, both as regards its tlectrical condition and its excitability. 
‘These changes are summed up in the expression electrotonus. 

In the investigation of this subject the instruments employed 
are the same as those already described, with the addition of two 
others that it will be convenient to describe before passing on 
to the study of electrotonus itself. These are the reverser or 
commutator, and the rheochord. 

Pohl's commutator is the form of reverser generally employed. 
It consists of a block of ebonite provided with six pools of 
mercury, each of which is provided with a binding screw. The 
corier pools are connected by diagonal cross wires, and by a 
erudle consisting of an insulating handle fixed to two arcs of 

wire which can be tilted so that the two middle pools can 
be brought into communication with cither of the two lateral 
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of 185 shows how, by altering the position of 
to vie taieeeua vin Gerlot tedloae sempre 





Pig. 185. —Pobl's commutator, with eros wires, (After Waller.) 


other is reversed. The numbers 1, 2, 3, &c. indicate the path of 
the current in the two cases, 


Sometimes the reverser ix used without the cross wires for a different 
purpose, The battery wires are connected as before with the middle 
mercury pools, Kach lateral pair of pools is connected by wires to a pair 
af electrodes. The two paint of electrodes may be applied to two portions 
of @ nerve, or to two different nerves, and by tilting the crndle to right or 
left the current can be sent through one or the other pair of electrodes, 











Fig. 186.—Simple rfreoehord. 


The vheochord is an instrument by means of which the strength 
of & constant current passed through a nerve may be varied, It 
consists of a long wire (r, 7, r) stretched on a board. This is 
placed as a bridge on the course of the battery current. (See 
fig. 186.) The current is thus divided into two parts: one part 
through the bridge, the other through the nerve which is laid 
across the two non-polarisable electrodes at the ends of the wires. 
The resiatance through the bridge is varied by the position of the 
slider (s 4). ‘The farther the slider ix from the battery end of the 
fnstrument the longer is the bridge, and the higher its resistance, 
at less current goes that way and more to the nerve, 

‘next figure shows the more complicated form of rheochord 
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invented by Poggendorf. The number of turns of wire is greater, 
© that the resistance can be varied to a much greater extent 
than in the simpler form of the instrument. ie 


‘The term “ eleotrotonus " includes two sets of changes in the 














Wig 187.~Poggendorf's rheochord. (M*Kendrick.) 


porre; fiat an electrical change, and seconily_shangse In tsslten 

Po and conductivity, We will take the electrical change first. 
fectrotonic currents.—The constant current is passed 

through the nerve from « battery, non-polaristble electrodes being 





Katelectrotonic 
Current 


Anelectrotonic 
Current 








Polarising ~ 
Current 


‘Pig. 184.—Blectrotonic currents. 


used > it is culled the polarising current. Ef portions of the nerve 
beyond the electrodes are connected (‘Jed off”) as in the dia- 
gram (fig. 188) by non-polarisable electrodes to galvanometers, a 
current will in each case be indicated by the swing of the gulvano- 
meter needles. The eloctrotonic current in the neighbourhood of 


the tive pole or kathode is called the hatelectrotonic current ; 
sotiateis te neighbourhood of the anode ix called the 
anelectrotonic. curren Tn both cases the electrotonic current. hax 

same direction as the polarising current. These currents are 


nr. x 
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di lent ical integri FE 5 they 
are “Een or ginmatel nao deed er they 
are liminished in dead or 5 They 
can, however, be very su: | made of 
zinc wire encased in cotton sonked with walt solution. The 
electrotonic currents must be carefully distinguished from the 








Pol ng 
is removed, after-clectrotonic currents 
tn altcrent direct See a 


(@) In tho intrapolar 


to the 
wrong a0) 
Nie eer fame 
eetrotonic it. 
(© i ee a releoereta the after-current bas at frat the 
samo, chef tho pats reton tothe woclettane eet 


‘The experiment known as the paradoxical fon deponis 
upon electrotonic currents. The sciatic nerve of the frog divides 
iether lowar pat of the thigh | into two parts. If one division is 
cut across, and its central end stimulated electrically (the spinal 
cor having been previously destroyed), the muscles supplied by 
the other branch contract ; the nerve fibres in this branch having 


been stimulated by the electrotonic variation in the divided 
branch.* 


Eloctrotonic alterations of oxcitability.—When & constant 


current_is passed through a nerve, the excitability of the merge 
is rent} in th ale the kathode, and diminished in 


je region of 
the Togion of the anode, _ When the current is 








in thi 

“This may be shown in the case of a motor nerve by the fol- 
lowing experiment. The next diagram represents the apparatus 
used. 


An exciting cirouit for single induction shocks is arranged in 


* This experiment must be carefully distinguished from Khne’s gracilis 
experiment described on p. 173. In the gmeilis experiment the nerve 
fibres themselves branch, and any form of stimulation applied to one branch 
will cause contraction of both halves of the muscle, In the paradoxical com 
tmetion, the bundles of nerre fibres are merely bound side by wide in the 
scintic trunk; there is therefore no possibility of conduction of a nerve 
impulse in both directions ; the stimulus, moreover, must be an electrical one, 


= 
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the usual way, the exciting electrodes being placed on the nerve 
near the muscle. A etarelia ctvents is also arninged, and in- 
elndes a battery, tlle reverger ; the current is passed into 
the nerve by means of non-polarisable electrodes. When the 
polarising current is thrown into the nerve, or taken out, a con- 
traction of the muscle ogeurs, but these contractions may be dis 
iis for the 

Ti galiog Cab acanged with the secondary coil so far 
fromi —, the muscle da to break only, and 
the tmucing may be Tecorded on a stationary blackened cylinder. 
Move the éytiotar on & short distance, and repeat this, The 
height of the lines drawn may be taken as a measure of the 
excitability of the Nervé. Now throw in the polarising current 





EXCITING CIRCUIT 
Fig. sfo.-— Diagram of apparatus used in testing electrotonio alturations of excitability. 
jos descending disection (ie, towards the muscle); the kathode 
then the non-polarisable electrode nea xciting elec- 
trodes. While the polarising current: is es ke Pome more 


pers by breaking the exciting current. ‘The increase in_the 
of the nore is shown by the much larger contrac- 











Exactly the reverse occurs when the polarising current_js 
iz, from the muscle towards the spinal cord. The 


now: ible electrode near the exciting electrodes is now the 
While the polarising current is passing, the excitability 


of the nerve is diminished eo that eS hich pre- 
viously produced Contractions of m certain #1, now produce 
x2 
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sruallee contractions. of naneaball, On removing the polarising 


current, the after-effect is increase of excitability. 

‘The following figure is reproduction of @ tracing from an 
wctunl experiment. The aftereffects are uot shown. N repre. 
sents a series of contractions obtained when the nerve is normal, 
K when it is katelectrotonic, A when it is anelectrotonic. 

Exactly similar results are obtained if one uses mechanical 
stimuli, such as hammering the nerve, inst induction shocks. 
The same is true for chemical stimuli, If the exciting electrodes 
are removed, and salt sprinkled on the nerve near the muscle, 
the latter soon begins to quiver; its contrictions are increased 





Fig. 190.—Electrotonws, ‘M, make, B, break, 


by throwing in a descending and diminished by an asconding 
polarising current. 

‘The increase in irritability is called katelectrotonug, and the 
decrease ig called anelectrotonus. The accompanying diagram 
(fig. 191) shows how the effect is most intense at the points (a, &) 
where the electrodes are applied, and extends in gradually dimin- 
ishing intensity on each side of them. Between the electrodes 
the increase shades off into the decrease, and it is evident that 
there must be a neutral point where there is neither increase por 
decrease of irritability. ‘The position of this neutral point is found to 
vary with the intensity of the polarising current—when the currentis 
k the point is nearer the anode, when strong nearerthe kathode, 

Electrotonic alterations of conductivity —When a con- 
stant current is passed through a nerve, not only is its exeita- 
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bility or power of responding to stimuli altered in the way just 
i power of conducting nerve im- 
forever, the alteration in conductivity 

to that of excitability. 


le, and gradually fades 
anode (fig. 192, 1). On increasing the 


nt till more, the loss of conductivity ig 
iter, and. ean over both the anodic and kathodic regiona 


. 192, 2) 


king a current 
fall of conductivity in the 


moana 
ly. 


aay 
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reverser lead wires to the binding screws of the rheochord ; from 
these same serews of the rbeochord the non-polarisable electrodes 
lead to the nerve of « nerve-muscle preparation. The strength of the 


+ = 


TA 8 





Fg, 102 —Dusgram lusteating the effets of u polarising current an the conduetiity of + 

nerve. A I representa the nerve, and the anole and kasthee are invlientes by apd 

reapectively. The curve representa the eonductivity which oneurs; im 1, the 

effect of a weak currvnt in shown, the fall of conductivity is greatest round the 

kathode : in 2. with a stronger ourrent the fall is greater and hus spread #0 

include the anodic region. 3 shows the effect inmodintely after the removal of the 
current ; the fall is then yreatest in tho post-anodic mgion. (After Stewart, 












current is varied by the slider S. The nearer 5 is to the binding 
screws the less is the resistance in the rheochord circuit, and the 
less the current through the ner With a weak current, a 





Cell 







Rheochord 











Fig. 103. Arrangement of apparatus for demonstrating Pfllger's law, 
contraction occurs at make only, but more readily, de with a 
weaker current when its direction is descending, ie. towards the 





muscle. With « stronger current (ascending or descending) con- 
traction occurs both at make and break, With a very strong 
current (six Groves), the contraction occurs only at make with 
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a descending current; and only at break with an ascending 
current, 


‘The contractions produced in the muscle of a nerve-muscle 
preparation by a constant current have been arranged in a table 
which it known as Piliger’s Law of Contraction. It is really 
only ® statement as to when a contraction may be expected : 


Asonsuixa Cunmesr. 











‘The increase of irritability at the kathode when the current is 
made, is greater and so more potent to produce a contraction 
than the rise of irritability at the anode when the current is 
broken ; and so with weak currents the only effect is a contraction 
at the make. There is little or no alteration in the conductivity 
of the nerve to hinder the propagation of the impulse so started. 

With a current of moderute strength and in ing 
direction, the excitation which occurs anode at break starts 


separated from it by any region of dimii 
muke also there is no block to prevent the exc 
he 


region (fig. 192, 1). When the 

tion at the make is at the kathod 

there is no block in the nerve between 
the break, the kathodic block is re 


because -here the diminution 
certain regions of the nerve bee: 
When the current has an a 
break ig started at the an: 
there is no hindrance to 

the maké the impulse sto 
lowering of conductivity 


current is descending the | 
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impulse at make reaches the muscle without hindnu ce; but at 
the break, the impulse started at the anode hins t traverse o 
region of nerve, the anodic end of which has s smaller con- 
ductivity immediately after opening than during the flow of the 
current (fig. 192, 3); the kathodic end of this region also does 
not become immediately passable after « strong current. 

Thus we have seen that two circumstances influence the effect 
of the constant current upon a nerve, viz, the strength and 
direction of the current. [tis also necessary that the stimulus 
should be applied sul/denly and not gradually, and that the grri- 
tability of the nerve should be normal ; not increased or diminished. 
Sometimes (when the preparation is specially irritable) instead of 
a simple contraction a tetanus occurs at the make or break of the 
constant current, This is liable to occur at the break of 
strong ascending current which bas been passing for some time 
into the preparation, or at the make of a strong descending 
current; both being conditions which increase the excitability of 
the piece of nerve nearest to the muscle; this ix called Ritter's 
tetanus, and may be stopped in the first case by throwing in the 
current in the same direction, or in the second case by throwing 
in 4 current in the opposite direction, 

The same general laws hold for muscle as well as for nerve, 
but are more difficult to demonstrate; the main fact, however, 
that the kathode is the stimulating electrode at the make, and 
the anode at the break, may be shown by the following experi- 
ment; if @ curarised, that is, a physiologically nerveless muscle, 
is arranged as in the experiment for demonstrating the muscle 
wave (seo fig. 149, p. 125), and a non-polarisable electrode placed 
at each end, the muscle wave at the make of a constant current 
starts at the negative electrode (kathode) and at the break at the 
positive electrode (anode). 

An induced current in the secondary circuit ofan inductorium 
may be regarded as a current of such short duration that the 
opening and closing are fused in their effects, This is true for all 
induction currents, whether produced by the make or break of 
tho primary circuit. The kathode will always be the more 
effective in causing contraction. 


Respoxsr or Human Musours axp Nerves To Etrornicat 
Srimunarion, 


Perhaps the most important outcome of this study of the 
response of musele and nerve to electrical stimulation is its 
application to the muscles and nerves of the human body, 
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because here it forms a most valuable method of diagnosis in 
eases of disease. The following account of this is chiefly an 

from Sir Willism Gowers’ Manual of Diseases of the 
Nervous System. 

Ty the normal state, nerves can be stimulated either by 
induction shocks, or by the make and break of # constant current. 
In the case of the motor-nerves this is shown by the contraction 
of the rauseles they supply; and in the case of the sensory nerves 


eleetrotonic alterations in excitability which we have been studying, 
during the whole time that the current is passing. 

When the nutrition of the nerves is impaired, much stronger 
currents of both the induced and constant kinds are necessary to 
evoke muscular contractions than in the normal state. When 


are cut off from the spinal cord, or when the cells in the cord 
from whieh they originate are themselves degenerated, as in 
infantile paralysis) no muscular contraction can be obtained on 
stimulating the nerves even with the strongest currents. 

‘The changes in the excitability of the muscles are lees simple, 
because in them there are two excitable structures, the termina- 
tions of the nerves, and the muscular fibres themselves. Of these, 
the nerve-fibres 4re the more sensitive to induction currents, and 
the faradic stimulation of 1 muscle under normal circumstances 
is by means of these motor nerve-endings. Thus we find that its 
excitability corresponds in degree to that of the motornerve 
supplying it. The muscular fibres are, even in the normal state, 
less sensitive to faradism (that is, a succession of induction shocks) 
than the nerve, because they are incapable of ready response to 
stimuli so very short in duration as are the shocks of which « 
faradic current consists. The proof of this consists in the fact 
that under the influence of curare, which renders the muscle 
practically nerveless, the muscle requires a much stronger faradic 
current to stimulate it than in the normal state. When the 
nerve is degeneruted, the make or break of the constant current 
stimulates the muscle as readily as in the normal state; but the 
contraction is propagated more slowly than that which occurs 
when the nerve-ibres are intact, and is due to the stimulation 
of the muscular fibres themselves. The fact that, under normal 
eirounstanees, the contraction which is caused by the constant 
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current is as quick as that produced by an induction shock, ic 
ground for believing that in health the constant, like the in- 
duced current, causes the musele to contract chiefly by exciting 
the motor-nerves within it. 

When the motor-nerve is degenerated, and will not respond to 
any form of electrical stimulation, the muscle also loses all its 
power of response to induction shocks. The nerve-degeneration 
is accompanied by changes in the nutrition of the muscular fibres 
as is evidenced by their pid wasting, and any power of response 
to fanulism they possessed in the normal state ix lost. Bat the 

to the constant current remains, and is indeed more ready 
than in health, doubtless in consequence of nutritive changes 
which develop what the older pathologists called, traly enough, 
“irritable weakness.” There is, moreover, a qualitative as well 
as @ quantitative change. In health the first contraction to occur 
on gradually increasing the strength of the current is at the 
negative pole, when the circuit is closed (see Pfliger’s law), and « 
stronger current is required before closure-contraction occurs at 
the positive pole, But in the morbid state we are di 
closure-contraction may occur at the positive pole as readily as or 
even more readily than at the negative pole. ‘This condition, the 
reasons for which we do not know, is called the “ Reaction of 
Degeneration.” 

Suppose a patient comes before one ‘with muscular paralysis. 
This may be due to disease of the nerves, of the cells of the 
spinal cord, or of the brain. If the paralysis is due to brain 
disease, the muscles will be slightly wasted owihg to disuse, but 
the electrical irritability of the muscles and nerves will be normal, 
as they are still in connection with the nervye-cells of the spinal 
cord that control their nutrition. But if the paralysis is due to 
disease either of the spinal cord or of the nerves, this nutritive 
influence can no longer be exercised over the nerves or muscles, 
The nerves will degenerate; the muscles waste rapidly; the 
irritability of the nerves to both forms of electrical stimulation 
will be lost ; the muscles will not respond to the faradic current, 
but in relation to the constant current they will exhibit what we 
have called the ‘reaction of degeneration.” 

‘This illustrates the value of the electrical method as a means 
of diagnosis, that is, of tinding out what is the matter with a 
patient. It is also a valuable means of treatment; by making 
the muscles contract artificially, their nutrition is kept up until 
restoration of the nerves or nerve-centres is brought about, 
Another illustration will indicate that the facts regarding 
electrotonic variation of excitability are true for sensory as well 
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as for motor nerves; in « case of neuralgia, relief will often be 
obtained by passing a constant current through the nerve; but 
the pole ied to the nerve must be the anode which produces 
diminution of excitability, not the kathode which produces the 
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fech asthe back, ‘The current finds its way from one electrode tothe other 
necemarily through nerves to t_ extent: it 
0 piah ene ur resin ap ato, 


Pig, 14 —lestres applied to the skin over a nervectrunk. In 4 the polar area ie 
ince the qurrent is more concentrated. inp the. conditions. are 
Terersed, the Polar zone corresponding here to the kathode, (After Waller.) 


bat diffuses widely through the body, seeking the paths of lesst resistance. 
‘Thus it ix impos ain gaarernece kmibodle effects. If the anode is 
over current ent a series ints me), 
applied the nerve the it enters by ies of points (polar zone), 
scries of points Cperipolar zone). The second series 

ot points is Lo to the first, as current leaves the nerve as soon 
~ tocking less resistant paths, The polar sone will be in the con- 
of anelectrotonus, the peripolar in that of katelectrotonas, so that 


the following experiments, The nerve of a frog's leg is led through 
tube, the ends of which are sealed with clay, but the nerve must not 
presmed, The tube is supplied with an inlet and outlet, so that gases 
‘through it, autre of electrodes are arranged, so that the 

lated either within or outside the tube. If carbonie acid 
through the tube, and the nerve stimulated by an induction shock 
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within the tube, the muscte does not resp-ind ; but on stimalating outside the 
tube, the muscle contracts. Tho nerve is, therefore, not excitable, though 
it will 

before 

nerve, 


howerer, 
to mechanical and thermal 


LE 





of 
ses is to 
reoovery. Stal dey of carbone ell cree the artoncartents 


é 
: 
: 
i 
i 
I 
ie 
: 


i 
El 
if 
Bie 


i 
Hl 
| 


& 
z 
: 
Fs 
‘ 


Ei 
: 
i 
| 
i 


i 
i 
i 
a 
i 


, 
E 
fH 


electrical response from the 

it ls possible with two stimuli in succession to obtain only one electrical 
response pear the seat of excitation which has heen cooled, while two such 
responses occur in a more peripheral warmer region. 


CHAPTER XVII. 
NERVE-CENTBES, 
Tux nerve-centres consist of the brain and spinal cord; they 


roots of the spinal nerves, and the sympatheti¢ ganglia are 
instances of these. 

The general arrangement of the cerebro-spinal axis ix given in 
the accompanying diagram. ‘The nerves which take origin from 
the brain are called cranial nerves; there are twelve pairs of 
these; some of them, like the olfactory, optic, and auditory 
nerves, are nerves of special sense; others supply the region of 
the head with motor and sensory fibres. One pair (the tenth) 
called the pneumogastric or vagus nerves are mainly distributed 
to the viscera of the thorax and abdomen, and a part of another 
pair (the eleventh), called the spinal accessory nerves, unites with 
the vagus prior to such distribution. We shall in our subsequent 
study of the heart, lungs, stomach and other organs have frequently 
to allude to these nerves. The first two pairs of cranial nerves (the 
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olfactory and the optic) arise from the cerebrum. ‘The remaining 
ten pairs arise from the district of grey matter called the floor of 
the fourth ventricle 
or ite immediate 
neighbourhood ; this 
tract of grey matter 
is situated at the 
lower part of the 
brain where it joins 
the spinal cord ; this 
portion of the brain 
is called the Buds or 
Medulla oblongata 
The spinal nerves 
are ar 





nged in pairs, 
31 innumber. Their 
general structure and 
functions we have 
already studied (pp 
169— 

The more intimate 
structure of the brain 
and spinal cord we 
shall consider at 








72). 
72). 


length in subsequent 
chapters. For the 
present we shall deal 
with some of the 
general aspects of the 
nerve-centres, both 
as regards structure 
and function 

Both brain and 
spinal cord consist of 
two kinds of tissue, 


Pig. 19$.—View of the cere. 
brospinal axis of 
Dervous system. ‘The 
Fight half of the cranium 
and trunk of the body 
hae been removed by x 
Vertical section ; "the 
mexnbranes of the brain 
and spinal cord have also been removed, and the roots and first part of the Mfth and 
ninth cranial, and of all the spinal norves of the right side, bave been dimected out 
and laid separately on the wall of the skull and on the sevural vertebrae opposite to 
the place of their natural exit from the eranio-epinal cavity. (After Hourgery.) 
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easily distinguishable by the naked eye. They are called respeo- 
tively white matter aud grey matter, 

White matter is composed of medullated nerve-fibres, which 
differ in structure from the medullated fibres of nerve by having 
no primitive sheath 

Grey matter is the true central matorial so far as regards fune- 
tion; that is to. say, it ix the part which recoives and sends oat 
nervous impulses; it is chanteterised by containing nerve-cells 
and their branches. - 

In the brain the grey matter is chiefly situated on the surface, 
forming what is called the cortex; the whito matter and certain 
subsidiary masses of grey matter are in the interior, 


. Fig. 19h. Branched neuroglis-evll, (After Stat.) 


In the spinal cord, the grey matter is in the interior, the white 
— Matter outa 
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‘one in origin. Like the rest of the nervous system, it originates 
from the outermost layer of the embryo, the epiblast. All trae 
connective tissues are mesoblastic. 

Chemically it is very different from connective tissues. It 
consists of an insoluble material called newro-keratin, or nerve- 
horn, similar to the horny substance keratin which is found in 
the surface layers of the epidermis. 


Structure of Norvo-Colls. 


Nerve-cells differ a good deal both in shape and size. 
In the early embryonic condition, the future nerve-cell is a 


th: only the muciel seen 
(after fletzius) 
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into contact with the branches of other nerve-cells. When the 
nerve-cells degenerate as they do in some cases of brain and cord 
disease, there is reversal of this process; just as ina dying tree 
the terminal branches, those most distant from the seat of nutri- 
tion, are the first to wither, o it is in the degenerating nerve-coll, 
Tf one traces the structure of nerve-ells throughout the xoological 
series, there is also seen an increase in their complexity, and the 
number of points of contact produced 
by an increase in the mumber aud 
complexity of thebranches multiplies. 

The simplest nervecells known 
are termed bipolar. In the lower 
animals the two prodesses come off 
from the opposite ends of the cells ; 
the cell, in other words, appoars as 
« nucleated enlargement, on the 
course of anerve-fibre. Fig. 197 (A) 
shows one of these nerve-cells from 
the Gasserian ganglion of the pike. 
‘The cells of the Gasserian and spinal 
ganglia in the mammalian embryo 
are also bipolar, but as development 
progresses, the two branches become 
fused for a considerable distance, so 
that in the fully-formed animal the 
cell appears to be unipolar. Thin 
is shown in # more diagrammatic 
way in fig. £80, p. 169. ‘The bifur 
cation of the nerve-fibre is spoken of 
as n T-shaped junction. As will be 
seen in fig. 197 (C), the nerve process 
has « convoluted course on the sur- 
face of the cell before it bifureates. 








Fig. 108, pathetic wanglion cell tens 
ot highly magnitol. In these ganglia it should be also 
Beal 


noted that each cell is enclosed within 
stive tissue sheath, and the nuclei seen are those of the 
connective tissue corpuscles, 

In the sympathetic ganglia, the colls may have a similar 
structure, and here also the nucleated sheath is seen, In some 
cases, however, when there appear to be two fibres connected 
to a cell, one of them is really derived from another cell, and is 
passing to end in « ramification which envelopes the ganglion 
cell; it may sometimes, as in fig. 198, be coiled spirally around 
the issuing nerve-fbre. 
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The majority of nerve-cells found in the body are multipolar. 
Here the cell becomes angular or stellate. Fig. 199 shows the 
usual form of cell present in sympathetic ganglia. From the 
angles of the cell, branches originate; the majority of these 
branches divide and subdivide until they end in an arborescence 
of fine twigs or fibrils ; but one process, and one process only, of 
each cell becomes the axis cylinder of a nerve-fibre. 
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Passing next to the central nervous system, we here « 
the raultipolar cell is the principal kind present, 

‘The next figure (fig. 200) shows ome of the typical multipolar 
cells of the spinal cord. Here again, only one process (a) becomes 
the axis cylinder of a nerve-fibre, and the others break up into 
arborisations of fibrils. The cells have a finely fibrillar structure, 
and the fibrils can be traced into the axis cylinder process and 
the other branches of the cell. Between the fibrils the protoplasm 
of the cell contains a number of angular or spindle-shaped masses, 
which have & great affinity of basic aniline dyes like methylene 
blue. They are known as Vissl’s granules. hese nerve-cells 
also contain, especially in the adult, granules of pigment, usually 
yellow, the nature of which has not been determined. 
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In preparations made by Golgi’s chromate of silver method, the 
vells and their processes are stained an intense black by « deposit 
of silver. The various structures in tho cells (nucleus, granules, 
fibrils, ete.), are not visible in such preparations, but the great 
advantage of the method is that it enables one to follow the 
branches to their finest ramifications. It is thus found that the 
axis ylinder process is not unbranched as represented in fig. 200, 
but invariably gives off side-branches, which are called collaterals ; 
these pass into the adjacent nerve tissue. The axis cylinder 
then acquires the sheaths, and thus is conyerted into a oerve-fibre. 
‘This nerve-fibre sometimes, as in the nerve-centres after a more 
or less extended course, breaks up into a terminal arborescence 
enveloping other nerve-cells; the collaterals also terminate in a 


Fig, 200.—Miulti It from anterior horn of comh 7, axis eylind 
ig oo mart fo angen bono apie em ingae olinder 


similar way. The longest type of axis cylinder is that which 
passes away from the nerve-ceutre, and gets bound up with 
other similarly sheathed axis cylinders to form a nerve; but 
all ultimately terminate in an arborescence of fibrils in various 
end organs (cnd-plates, muscle spindles, ete.). 

In the grey matter of the cerebrum the nerve-cells are various 
in shape and size, but the most charucteristic cells are lange and 
pyramidal in shape, They are especially lange and numerous in 
what are called the motor areas of the brain, The apex of the 
cell is directed to the surface; the apical process is long and 
tapering, and finally breaks up into fibrils that lie parallel to the 
surface of the brain (tangential jibres). From the lower angles 
and other parts branching processes originate; the axis cylinder 
comes off from the base of the pyramid. ‘The next figure (fig. 201) 
shows the typical appearance of one of these cells, showing the 
various points just described. The following figure shows a section 
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of the cerebral cortex also prepared by Golgi's method (fig. 202, 

P: 96); 
‘The grey matter of the cerebellum contains a large number 

of small nerve-tells, and one layer of large cells. These are 

flank-shaped, and are called 

the cells of Purkinje. ‘The 

neck of the flask breaks up 

into branches, and the axis 

eylinder process comes 

off from the base of the 

finsk (fig. 203, p. 197). 
The study of the ner- 

vous system by the valu. 

able method introduced by 

Golgi bas led to some new 

conceptions as to its struc- 

ture and to a new nomen- 

elature. The whole nervous 

system consists of nerve- 

cells and their branches, 

supported by neuroglia in 

the central nervons system, 

and by connective tissue in 

the nerves. Some of the 

processes of a nerve-cell 

break up almost immedi- 

ately into smaller branches 

ending in arborescences of 

fine twigs; these branches, 

which used to be called 


the fine twigs dendrites 
one branch becomes the 

axis cylinder of a 
nerve-fibre, but it also ulti- 
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arborisations interlace and intermingle, and nerve impulses are 


transmitted from one nerve-unit to another, but not by continuous 
structures. The impulses are transmitted through contiguous, vat 
not through continuous structures, A convenient ¢: 

the intermingling of arborisations is aynapse (literally, camel 

The figure on page 198 is « diagram of the nervous path in 

a reflex action, Excitation occurs at S, the akin or other sensory 
surface, and the impulse is transmitted by the sensory nerve-fibre 
to the nerve-centre, where it ends not in a nerve-cell, but by 
arborising around « nerve-cell and its dendrons. The only 
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nerve-cell in actual continuity with the sensory nerve-fibre is the 
beet nas oa krneneneapete which it grew, 
The | | arborisation of the sensory nerve-fibre merely 
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will intermingle with those of the other: there is no actual 
branch from the one which becomes continuous with any branch 
of the other; but yet if the stem of one is vigorously shaken, 
the close intermixture of the branches will affect the other #0 
that it also moves. 
very important general idea which we must next get 
hold of, is that a nervous impulse does not necessarily travel 
along the same nerve-fibre all the way, but there is what we 
may term a system of relaye. The nervous system is vory often 
to a telegraphic system throughout a country. The 
telegraph offices represent the nerve-centres, the afferent nerve- 


i 











Fig. 204.—Roflex notion, 


the telegraph station in the town nearest to the house in question ; 
and the last part of the journey is accomplished by a messenger 
on foot or horseback. There are at least two relays on the journey. 

It is just the same with the nervous system. Suppose one 
wishes to move the arm; the impulse starts in the nerve-ells 
of the brain, but there are no fibres that go straight from the 
brain to the muscles of the arm. The impulse travels down 
the spinal cord, by what are called pyramidal fibres, to the nerve- 
cells of the spinal cordyand from these cells, fresh nerve-fibres 
pass to the arm-museles, and continue the impulse. Here again 
the connection between the nerveunits is by contiguity, not by 
continuity. ‘This is shown in the accompanying diagram (fig. 205). 
The cell of the cerebral grey matter is represented by ©, G, the 
pyramidal nerve-fibre arborises around the cell of the spinal cond 
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ORLL-STATIONS. 


the spinal nerve-cell, the peripheral end 
degenerates as far as the muscle. 
Suppose, now, the pyramidal fibre were 
cut across, the piece still attached to the 
brain-cell would remain in a comparatively 
normal condition, but the peripheral end. 
degenerate as far as the synapse 
round the spinal cell (S, C.), but not 





fibres in the white matter of the central 
nervous system. The histological change 
in the fibres is here the same as that 
already described in the nerves, except 
that, as there is no primitive sheath, 
there can be no multiplication of its 
nnelei; there is instead an over-growth 
of neuroglia. Degenerated tracts conse- 
quently stain differently from healthy 
white matter, and can be by this means 
easily traced. 

Another method of research which 
Jeads to the same results ax the degenera- 
tion method is called the enibryological method. The nerve-fibres 
which grow from different groups of nerve-cells become fully 
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developed at different dates, and so by examining brains and 
cords of embryos of different ages, one is able to. make out 
individual tracts before they have blended in the general mass 
of white matter. 

We shall, however, retumm to this subject when Inter on we are 
studying the physiology of the contral nervous system in detail, 


The Significance of Nissl’s Granules. 


If portions of the brain or spinal cord are fixed in absolute 
alcohol, and sections obtained from the hardened pieces are stained 
by means of methylene blue, the nerve-cells exhibit a charactersstio 
appearance. The nucleus and nucleolus take np the blue stain, 
and throughout the cell body a number of angular-shaped masses, 
which are termed Vise/'s yranutes, are also stained bine, "These 
extend some distance into the dendrons, but not into the axon. 
The substance of which they are composed is termed chromate 
plasm, or chromophilic material. The existence of granules in 
cells which have an affinity for basic dyes like methylene blue is 
not at all common ; the granules in the majority of the white 
blood corpuscles, for instance, have an affinity for acid dyes. 
Micro-chemical methods have shown that the main constituent of 
the Niss] granules is nucleo-proteid. ‘The name Kineto-plasm has 
been given to it by Marineseo in order to express the idea that 
it forms a source of energy to the vell. It can hardly be denied 
that the substance of which the granules are composed, forming 
a it does so large a proportion of the cell-contents, and made of 
a material in which nuclein forms an important constituent, is 
intimately related to the nutritional condition of the neuron. 
Some have even compared it to the granular material, which is 
present in secreting cells; in these cells before secretion occurs, 
the granules accumulate, and during the act of secretion they are 
discharged and converted into constituents of the secretion. It 
ix stated by some observers that the Nissl grinules are used up 
during the discharge of energy from nerve-cells, and it certainly 
is the case that if the cells are examined after an epileptic fit, in 
which there has been a very massive discharge of impulses, the 
Nissl granules have disappeared, or at least broken up into fine 
dust-like particles, so that the cell presents a more uniform blue 
staining. It is, however, doubtful whether this is due to a trans- 
formation associated with intense activity, or whether it may not 
be caused by venosity of the blood. The cells are very sensitive 
to altered vascular conditions ; ansmia, for instance, produces & 
similar change accompanied with swelling of the cell, and swelling 
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and in extreme cases extrusion of the wucleus. High fever 
(hyperpyreais) causes & very similar change, which is doubtless 

ith the coagulation of the proteids of the cell- 
beanie: a the high tempera 

Since attention jek Wack Birkel towards the Nissl granules, a 
literature which has become alarmingly vast during the last few 
years bas sprung up in relation to them. ‘This is quite easy to 
understand, for neurologists have by this sensitive test been able 
to identify changes in the cells which could not be detected by the 
previous methods of staining. Thus the cells have been examined 
in various diseases, and after being subjected to the action of 
yarious poisons. In a new subject of this kind there is, as would 
be expected, considerable divergence of views, and even the 
fundamental question has not yet been answered satisfactorily 
whether the Niss! granules are present as such in the living cell, 
or whether they are artifacts produced by the fixative action of 
strong alcohol. The fact that they cannot be demonstrated when 
the cells are stained by the injection of methylene blue into the 
cireulation before the animal is killed is a very strong piece of 
evidence in favour of the latter view. But, whichever view is 
correct, ~_ method is a valuable one, and Nissl’s views on this 
Cites to be indisputable: they are briefly as follows :— 

jealthy nal fixed and stained in a constant manner will appear 
the same under constant optical conditions, and the appearances 
then seen form the equivalent of such healthy cells during life. 
It follows that if the cells prepared by the same method and 
examined under the same conditions show a difference from the 
equivalent or symbol of healthy cells, the difference is the measure 
of some change that has oceurred during life. 

Chromatolysia is the'term applied to designate the disappearance 
or disintegration of the Nissl granules. ‘The process generally 
begins at the periphery of the cell and in the dendrons, but in 
advanced cases the whole coll may be affected. We have already 
alluded to the fact that chromatolysis occurs in various abnormal 
states, and the diminution of the chromophilie nucleo-proteid 
indicates a diminution of the vital interaction of the highly 
phosphorised nucleus with the surrounding cell protoplasm. 
Chromatolysis alone is not indicative of cell destruction, and a 
cell may recover its function afterwards. The integrity of the 
nucleus and of the fibrils appears to be much more important to 
the actual vitality of the cell. 

When a nerve-fibre is cut across, tho distal segment undergoes 
Wallerian degeneration ; this is an acute change. But the nerve- 
cell and the piece of the nerve-fibre still attached to it do not 
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remain unaffected. If regeneration of the fibre, and restoration 
of function takes place, no change is observable. But if regenera- 
tion does not occur (and it does take place in the central nervous 
system), the cell and its processes undergo a slow chronic wasting ; 
one of the earliest signs of this disuse atrophy ix chromatolysis. 
Warrington has recently shown « still more interesting fnet, 
namely, that section of the posterior roots causes chromatol, 

in the anterior horn vells of the same side; this indicates that 
the loss of sensory stimuli produces « depression of the activity 
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and metabolic functions of the spinal motor cells. We shall see 
later on that this accords quite well with the physiological effects 
observed under these conditions, 

The accompanying figures show the normal appearances: pre- 
sented by nervecells when stained with methylene blue, and the 
abnormal conditions observed in some of the pathological states 
alluded to in the preceding paragraphs. The letverpreas beneath 
the figure should be carefully consulted. These drawings are 
made from photo-micrographs kindly lent me by Dr. Mott. ‘The 
mugnification in all cases is 700 diameters. 








on. xvrtt.) THE CIRCULATORY SYSTEM. 203 


CHAPTER XVIII. 
THE CIRCULATORY SYSTEM, 


‘Tue circulatory system ix the collection of organs which have 
for their fanction, the circulation of the blood. It consists of the 
heart, the arteries or vessels that carry the blood from the heart to 
other parts of the body, the veins or vessels that carry the blood 
‘back to the heart again, and the capillaries, a network of minute 
tubes which connect the terminations of the smallest arteries to 
the commencements of the smallest veins. We shall also have to 
consider in connection with the circulatory system, (1) the 

ict, which are vessels that convey back the lymph (the 
fluid which exudes through the thin walls of the blood-capillaries) 
to the veins near to their entrance into the heart, and (2) 
the large lymph spaces contained in the serous membranes, 


Tho Heart. 


‘This is the great central pump of the circulatory system. It 
is contained in the chest or thorax. It lies betweon the right 
and left “lungs (fig. 207), and is enclosed in a covering called 
the pericardium. The pericardium is an instance of a serous 
membrane, Like all serous membranes it consists of two layers ; 
each consists of fibrous tissue containing a lange amount of elastic 
fibres ; one layer envelopes the heart and forms its outer covering 
or epicardium ; this is the visceral layer of the pericardium ; the 
other layer of the pericardium, called its parietal layer, is situated 
‘at some little distance from the heart, being attached below to the 
diaphragm, the partition between the thorax and the abdomen. 
‘The visceral and parietal layers are continuous for a short distance 
along the great vessels at the base of the heart, and so form a closed 
sac. This sac is lined by endothelium; in health it contains 
just enough lymph to lubricate the two surfaces and enable 
them to glide over each other smoothly during the movements 
of the heart. The presence of elustic fibres in the epicardium 
enables it to follow without hindrance the changing shape 
of the heart itself; but the parietal layer of the pericardium 
appears to be inextensible, and so it limits the dilatation of 
the heart, 
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The petoutinn is a comparatively simple 
loses is a single one of simple external 
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The Chambers of the Heart.—The interior of the heart is 





Diaphragm. 
7 — View of heart and I in situ. ‘The front portion of the chest-wall and the 
a Gur orparica ayers of the pier a d pericardium have boon removed. ‘The lungs 


lower portion, called respectively, auricle and ventricle, which 
freely communicate one with the other ; the aperture of communi- 
cation, however, is guarded by valves, so disposed as to allow 
blood to pass freely from the auricle into the ventricle, but not in 
the opposite direction. There are thus four cavities in the heart 
—the auricle and ventricle of one side being quite separate from 
those of the other (figs. 208, 209). 

Right Auricle—The right auricle is situated at the right 
part of the base of the heart in front. It is a thin walled 
cavity of more or less quadrilateral shape, prolonged at one corner 
into « tongue-shaped portion, the right auricular appendix, which 
slightly overlaps the exit of the great artery, the aorta, from 
the heart. 


LEN 
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The interior is smooth, being lined with the general lining of 


the heart, the endocardium, and into it open superior and 
inferior ven cave, or great veins, which convey the blood from 


sortie arch close to the cord of the ductus arteriowus ; 
rob covered. nt its commencement by the auricular 
rer: 9, placed between the innominate wnd left, carotid 
uppendix, ‘auricle: t2, 1£, the outaide of the left ventricle, the 
lower figure near the apex, (Allen Thomson.) 





all parts of the body to the heart. The opening of the inferior 
cava is protected and partly covered by a membrane called the 
Eustachian valve. In the posterior wall of the auricle is a slight 
depression called the fossa ovalis, which corresponds to an opening 
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between the right and left auricles which exists in fostal life, 
The coronary sinus, or the dilated portion of the right coronary 
‘vein, also opens into thid chamber. 





t 





Vig. 200, 


‘The left auricle and ventricle opened and « part of thelr anterior and left 
removed, 


te pulmonary artery ting teen divided at ite commencement 
ening into the left ventricle } ‘abort distance into the norte 
of the nements of tho semilunar valves; and the laft part of the 
appendix has been removed. ‘The right auricle is out of view. 1, the two 
monary wins cut short ; their openings are seen withia the se tn 
‘the eavity of the auricle on the left aide of the septum and on the part which forms the 
rermaing of the valve of the foramen ovale, of which the cresoentia fold is seen townrds 
the left handof rj 2, snarrow portion of the wall of the auricle and vesiteicle 
ruund the auriculo-ventricular orities; j, ',the cut surface of the walla of the ventricle, 
sean to becaran wery much thinner towards 3", at the apex; 4.0 small part of te 
anterior wall of the left ventricle which has been preserved with the principal anterior 
Columna cares oF Inusculus papillaris attached to it; 5, ¢ musculs papillares + «the 
left wide of the septum, between the two ventricles, within the arity of the loft 
eutriale; 6, 6, the mitral valve; 7, placed in the interior of the aorts, noar ite eom- 
meneement and aboye the three seymenta of ite semilunar valve which are 
Toownly topethe: o exterior of the great aortic sinus ; 8, the root of the pulmonary 
artery and its semilunar vnlvex; , the separated portion of tho pulmonary artery 
Femadning attached to the aorta By 9, the con! of the ductus arteriowus; 29, the 
Srterion rising from the summit of Che aortic arch. (Allen Thornson.) 
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Right Ventricle—The right ventricle occupies the chief part of 
the anterior surface of the heart, as well asa small part of the 
posterior surface ; it forms the right margin of the heart. It 
takes no part in the formation of the apex. On section its cavity, 
in consequence of the encroachment upon it of the septum ventri- 
culorum, is semilunar or crescentic (fig. 210); into it are two 

cpenlpenates auriculo-ventricular at the base and the opening 

the pulmonary artery alao at the base, but more to the left; 

Fee ete hy Sa a py a tricuspid 

and the latter semlunar. In this ventricle are also the pro- 

jections of the muscular tissue called colwmne carnec: (described 
Pe 210). 

Avwriele —The left auricle is situated at the left and posterior 

part of the base of the heart, and is best seen from behind. It is 

quadrilateral, and receives on either side two pulmonary veins. 


fee 





ig. 210.—Traneverse section of bullock's heart in a state of cadaveric rigidity. (Dalton.) 


‘The auricular appendix is the only part of the auricle seen from 
the front, and corresponds with that on the right side, but is 
thicker, and the interior is smoother. The loft auricle is only 
slightly thicker than the right. The left auriculo-ventricular 
orifice is oval, and a little smaller than that on the right side. 
‘There is a depression on the septum between the auricles, which is 
& vestige of the foramen between them, that exists in fostal life. 
Left Ventriele—Though taking part to a comparatively slight 
extent in the ‘anterior surface, the left ventricle occupies the 
chief part of the posterior surface, In it are two openings very 
close together, viz. the suriculo-ventricular and the aortic, guarded 
by the valves corresponding to those of the right side of the heart, 
viz, the bicuspid or mitral and the semilunar. ‘Tho first opening 
is at the left and back part of the base of the ventricle, and the 
‘aortic in front and towards the right. In this ventricle, as in the 
right, are the columns carnew, which are smaller but more 
closely reticulated. They are chiefly found near the apex and 
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along the posterior wall. They will be again referred to with the 
description of the valves. The walls of the left ventricle, which 
are nearly half an inch in thickness, are, with the exception of the 
apex, about three times as thick as those of the right. 

Capacity of the Chambers.—During life each ventricle is 
capable of containing about three ounces of blood. The capacity 
of the auricles after death is rather lees than that of the 
ventricles: the thickness of their walls is considerably less. 
The latter condition is adapted to the small amount of force 
which the auricles require in order to empty themselves into 
their adjoining ventricles ; the former to the circumstance of the 
ventricles being partly filled with blood before the auricles contract. 

Size and Weight of the Heart.—The heart is about 5 inches 
long (about 12°6 cm.), 34 inches (8 cm.) greatest width, and 24 
inches (6-3 cm.) in its extreme thickness. The average weight of 





1 214.—Network of muscular fibres from the heart . 
Fig. 211.—Nel muscular fe the hart of pig, ‘The aust ary well shown 


the heart in the adult is from 9 to 10 ounces (nbout goo grms.) ; 
its weight gradually increases throughout life till middle age ; 
it diminishes in old age. 

Structure.—The walls of the heart are constructed almost 
entirely of layers of muscular fibres (p. 94); but « ring of con- 
nective tissue, to which some of the muscular fibres are attached, 
is inserted between each auricle and ventricle, and forms the 
boundary of the auriculo-ventricular opening. Fibrous tissue also 
exists at the origins of the pulmonary artery and aorta. 

The muscular fibres of each auricle are in part continuous with 
those of the other, and partly separate; and the same remark 
holds true for the ventricles. Some muscular fibres also pass 
across the tendinous ring which separates each auricle from the 
corresponding ventricle. 

Endocardium.—aAs the heart is clothed on the outside by the 
epicardium, so its cavities are lined by a smooth and shining 
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membrane, or endocardium, which is directly continuous with the 
internal lining of the arteries and veins. The endocardium is 
composed of connective tissue with a large admixture of elastic 
fibres ; its inner surface is covered by endothelium. Here and 
there unstriped muscular fibres are sometimes found in the tissue 
of the endocardium. 

Valves.—The arrangement of the heart's valves is such that 
the blood can pass only in one direction (fig. 212), 

The tricuayiid valve (5, fig. 208) presents three principal cusps 
or subdivisions, and the mitral or dicuspid valve has two such 
portions (6, fig. 209). But in both valves there ix between each 





Hig. v2—Dingeam of the clrculstion through the heart. (Dalton.) 


two principal portions a smaller one: so that more properly, the 
tricuspid may be described as consisting of six, and the mitral of 
four, portions. Each portion is of triangular form. Its base is 
continuous with the bases of the neighbouring portions, 80 as 
to form an annular mombrine around the auriculo-ventricular 
opening, and ix fixed to a tendinous ring which encircles the 
orifice between the auricle and ventricle and receives the inser- 
tions of the muscular fibres of both. In each principal cusp may 
be distinguished a central part, extending from base to apex, and 
including about half its width. It is thicker and much tougher 
than the border pieces or edges. 

While the bases of the cusps of the valves are fixed to the 
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tendinous rings, their ventricular surface and borders are fastened 
by slender tendinous fibres, the chorda: tendinew, to the internal 
surface of the walls of the ventricles, the muscular fibres of which 
project into the ventricular cavity in the form of bundles or columns 
—the colwmna carne. These columns are not all alike, for while 
some are attached along their whole length on one side, and by 
their extremities, others are attached only by their extremities ; 
and a third set, to which the name muaculi papillares has been 
given, are attached to the wall of the ventricle by one extremity 
only, the other projecting, papillalike, into the cavity of the 
ventricle (5, fig. 209), and having attached to itehorde tendines, 
Of the tendinous cords, besides those which pass from the walls 
of the ventricle and the musculi papillares to the margins of the 
valves, there are some of especial strength, which pass from the 
same parts to the edges of the middle and thicker portions of the 
cusps before referred to. The ends of these cords are spread out 
in the substance of the valve, giving its middle piece its peculiar 
strength and toughness; and from the sides numerous other more 
slender and branching cords are given off, which are attached all 
over the ventricular surface of the adjacent bonier-pieces of the 
principal portions of the valves, ms well as to those smaller 
portions which have been mentioned as lying one between each two 
principal ones. Moreover, the musculi papillares are 80 placed 
that, from the summit of each, tendinous conis proceed to the 
adjacont halves of two of the principal divisions, and to one 
intermediate or smaller division, of the valve. 

‘The preceding description applies equally to the mitral and 
tricuspid valve; but it should be added that the mitral is oon- 
siderably thicker and stronger than the tricuspid, in accordance 
with the greater foree which it is called upon to resiat. 

The semilunar valves guard the orifices of the pulmonary artery 
and of the aorta. They are nearly alike on both sides of the 
heart; but the aortic valves are altogether thicker and more 
strongly constructed than the pulmonary valves, in accordance 
with the greater pressure which they have to withstand. Each 
valve consists of three parts which are of semilunar shape, the 
convex margin of each being attached to a fibrous ring at the 
place of junction of the artery to the ventricle, and the concave 
or nearly straight border being free, so a8 to form a little pouch 
like a watch-pocket (7, fig. 209). In the centre of the free edge 
of the pouch, which contains a fine cord of fibrous tissue, is a 
small fibrous nodule, the corpus Arantit, and from this and from 
the attached border fine fibres extend into every part of the mid 
substance of the valve, except a small Innated space just within 
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‘the free edge, on each side of the corpus Arantii. Here the valve 
is thinnest, and of little more than the endocardium. 
‘Thus constracted attached, the three semilunar pouches are 
placed side by side around the arterial orifice of each ventricle ; 
they are separated by the blood passing out of the ventricle, but 
immediately afterwards are pressed together so as to prevent any 
return (6, fig. 208, and 7, fig- 209), Opposite each of the 
semilanar cusps, both in the aorta and pulmonary artery, there 





Pig. 213 —Diagram of the circulation, 


is & bulging outwards of the wall of the vessel; these bulgings 
are called the sinuses of Valsalva. 

‘Structwre,—The valves of the heart are formed of a layer of 
closely woven connective and clastic tissue, over which, on every 
part, the endocardium is reflected. 


Course of the Circulation. 


The blood is conveyed away from the left ventricle (as in the 
diagram, fig. 213) by the aorta to the arteries, and returned to 
the right auricle by the veins, the arteries and veins being 
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continuous with each other at the far end by means of the 


From the right auricle the blood passes to the right ventricle, 
then by the tts ba artery, which divides into two, one for 
each lung, then through the pulmonary 
capillaries, and through the pulmonary veins 
(two from each lang) to the left auricle. 
From here it passes into the left ventricle, 
which brings us back to where we started 
from. 

The complete circulation is thus made up 
of two circuits, the ono, a shorter cireuit from 
the right side of the heart to the lungs and 
back again to the left side of the heart ; the 
other wnd larger circuit, from the left side 
of the heart to ull parts of the body and 
twek again to the right side. ‘The circula- 
tions through the lungs and through the 
system generally are respectively named the 
Pig, 214 --Deiaute artery Pulmonary and Systemic or fesser and 

witin.2Noclied greater circulations. It will be noticed also 
endothelial membmne; in the same figure that a portion of the 
inmen, looked at from stream of blood having been diverted once 
brane. m=. Museulas into the capillaries of the intestinal canal, 
“Tunica adventitin. and some other organs, and gathered up 
me) 4, Nebe again into a single stream, is a second time 
divided in its passage through the liver, 
before it finally reaches the heart and completes a revolution. 
This subordinate stream through the liver is called the Portal 
circulation, A somewhat similar accessory circulation is that 
through the kidneys, called the Renal circulation. The difference 
of colours in fig. 213 indicates roughly the difference between 
arterial and venows blood. ‘The blood is oxygenated in the lungs, 
and the formation of oxyhemoglobin gives to the blood a bright 
red colour. This oxygenated or arterial blood (coutained in the 
pulmonary veins, the left side of the heart, and systemic arteries) 
is in part reduced in the tissues, and the deoxygenated hemoglobin 
is darker in tint than the oxyhwmoglobin ; this venous blood passes 
by the systemic veins to the right side of the heart and pulmonary 
artery to the lungs, where it once more receives a fresh supply of 
oxygen. 
N.B,—It should, however, be noted that the lungs, Uke the rest of the 


body, are also supplicd with arterial blood, which reaches it by ‘the 
bronchial arteries, 
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The Arteries, 


Distribution.—The arterial system begins at the left ventricle 
in a single lange trunk, the aorta, which almost immediately after 
its origin gives off in the thorax three large branches for the 
supply of the head, neck, and upper extremities ; it then traverses 


it passes on its way. In the abdomen it divides into two 
‘branches, for the supply of the lower extremities The 
arterial branches wherever given off divide and subdivide, until 
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245.~Transverse section through a large branch of the inferior mesenteric axtery of 
yf endothelial membrane; §, ‘elation interna, no wibendothelial Tayer (= 
Y nly 8 Say wal, eleatia bees 4 fp 
externa, dividing the medin from the connective-tismue adventitia, 


the ealibre of each subdivision becomes very minute, and these 
minute vessels lead into capillaries. Arteries are, ax a rule, 
placed in situations protected from pressure and other dangers, 
and are, with few exceptions, straight in their course, aud fre- 
quently communicate (anastomose or inosculate) with other arteries, 
The branches are usually given off at an acute angle, and the 
sum of the sectional areas of the branches of an artery generally 
exceeds that of the parent trunk ; and as the distance from the 
origin is increased, the area of the combined branches is increased 
also, After death, arteries are usually found dilated (not col- 

as the veins are) and empty, and it was to this fact that 
their name (dprypia, the windpipe) was given them, as the ancients 
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believed that they conveyed air to the various parts of the body. 
As regurds the arterial system of the lungs, the pulmonary artery 
is distributed much as the arteries belonging to the general 
“pea a circulation. 
Structure—The walls of the arteries are composed of three coats, 
termed (a) the external or tunics adventitia, (6) the middle or 
tunica media, and (c) the internal or 
‘ tunica intima, 
(a) The external coat or tunica 
adventitia (figs. 214 and 215, a), the 
trongest and toughest part of the 
wall of the artery, is formed of areolar 
jo tissue, with whichis mingled through- 
2 out a network of elastic fibres. At 
the inner part of this outer coat 
the elastic network forms, in some 
arteries, 90 distinct a layer as to 
be sometimes called the external 
elastic coat (fig. 215, ¢). 
(8) The middle coat (fig. 215, m) 
is composed of both muscular and 
Fig, 116. -Musoular fhrecells from clastic fibres, with « certain propor- 

Te ee Tai eo tion of areolar tissue. Tn the larger 

elon. 4, A fitwe-cell treated arteries (fig. 217) its thickness ix 

with etc ta comparatively a well as absolutely 
much greater than in the small ones; it constitutes the greater 
part of the arterial wall. The muscular fibres are unstriped 
(fig. 216), and are arranged for the most part transversely to 
the long axis of the artery; while the elastic element, taking 
also a transverse direction, is disposed in the form of closely 
interwoven and branching fibres, which intersect in all parts 
the layers of muscular fibres. In arteries of various sizes there 
is a difference in the proportion of the muscular and clastic 
clement, elastic tissue preponderating in the largest arteries, and 
unstriped muscle in those of medium and small sixe, 

(c) The internal coat ix formed by a layer of elastic tissue, 
called the fenestrated membrane of Henle. Its inner surface is 
lined with’ a delicate layer of elongated endothelial cells (fg. 
215, ¢), Which make it smooth, so that the blood may flow with 
the smallest possible amount of resistance from friction. 

Immediately external to the endothelial lining of the artery 
is fine connective tissue (exd-endothelial layer), with branched 
corpuscles. ‘Thus the internal coat consists of three parts, (a) an 
endothelial lining, (2) the sub-endothelial layer, and (c)elastic layer. 
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Vasa Vasorum.—The walls of the arteries are, like other parts 
Rete ii id with little arteries, ending in capillaries and 
veins, which, branching throughout the external coat, extend for 
some distance into the middle, but do not reach the internal coat. 
‘These nutrient vessels are called vasa vasorum, 

Nerves,—Moat of the arteries are surrounded by a plexus of 
sympathetic nerves, which twine around the vessel very much 





Pig. 217. Transverse beilin of nits ‘rough Intersal ant stout halt 
like ivy round a tree: and ganglia are found at frequent in- 
tervals. They terminate in a plexus between the musculur 
fibres (fig. 218). 
The Veins. 

Distribntion,—TVhe venous system begins in small vessels which 
are slightly larger than the capillaries from which they spring. 
‘These vessels are gathered up into larger and larger trunks until 
they terminate (as regards the systemic circulation) in the two 
Yen cay@ and the coronary veins, which enter the right auricle, 
and (as regards the pulmonary circulation) in four pulmonary 
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which enter the left auricle. eae 
ins diminishes as they approach the heart; | 
their capacity is two or three times that of 

ing arteries. The pulmonary veins, however, te ern 
to this rule, ax they do not exoced in capacity the pulmonary 
arteries. The veins are found after death more or Jess collapsed, 
owing to their want of clasticity. They are usually distributed 
in a superficial and a deep set which communicate frequently in 
their course. 

‘Structure, —In structure the coats of veins bear a general re- 
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(a) The outer coat is cou- 
structed of areolar tissue 
like that of the arteries, 
‘but it is thicker, In some 
veins it contains muscalar 
fibres, which are arranged 
longitudinally. 

(8) The middle cont is 
considerably thimer than 
that of the arteries; it 
contains circular unstriped 
muscular fibres, mingled 
with a few clastic fibres 
and « large proportion of 

white fibrous tissue, Inthe 
met tn cont of meal ery of the large veins, near the henrt, 
tahoe namely, the vena cavoe and 
pulmonary veins, the middle coat ix replaced, for some distance 
from the heart, by circularly arranged striped muscular fibres, 
continuous with those of the auricles, The veins of bones, and of 
the central nervous system and its membranes have no muscular 
tissue, 

(c) The internal cont of veins has a very thin fenestrated mem- 
brane, which may be absent in the smaller veing. The endothe- 
lium is made up of cells clongated in the direction of the vessel, 
but wider than in the arteries. 

Vaives.—The chief influence which the veins have in the 
circulation, is effected with the help of the valves, contained in all 
veins subject to local pressure from the muscles between or near 
which they run. The general construction of these valves is 
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similar to that of the semilunar valves of the aorta and pulmonary 
artery, already described ; but their free margins are tarned in the 
opposite direction, i.¢., towards the heart, so as to prevent any move- 
ment of blood backward, They are commonly placed in pairs, at 
various distances in different 
veins, but almost uniformly in 
each (fig. 220) In the smaller 
veins single valves are often 
met with; and three or four 
are sometimes placed together, 
or near one another, in the 
Jangest veins, such ax the sub- 
elavian, at their junction with 
the jugular veins. The valves 
are semilunar; the unattached 
edge is in some examples con- 
cave, in others straight. They 
are composed of an outgrowth 
of the subendothelial tissue 
covered with endothelium. 
‘Their situation in the super- 
ficial veins of the forearm is 
readily discovered by pressing 
along their surface, in the 
direction opposite to the ven- 
ous current, f¢,, from theelbow 
towards the wrist ; when little 


Valves are not equally 
numerous in all veins, and 
in many they are absent alto- 
wether, fare most numer- 
ous in the veins of the extremi- 
ties, and more 40 in those of 
the leg than the arm. They are commonly absent in veins of 
Jess than a line in diameter, and, as a general rule, there are 
few or none in those which are not subject to muscular pressure. 
Among those veins which have no valves may be mentioned the 
superior and inferior vena cava, the pulmonary veins, the veins 
in the interior of the craninm and vertebral column, the veins 
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of bone, and the umbilical vein. Tho valves of the portal tributaries 
are very inefficient. 


Lymphatics of Arteries and Veinx—Lymphatic spaces are 





Wie. s95-—Diagram shoving valves of, veins. 4, part of Yuin lakd open. and. specs out, 
with two pairs of valves. 5, longitudinal section of a vein, showing the apposition of 
the edigos of the valves in thelr elosed state. 6, portion of a distended vein, exhibiting 
aawolling in the situation of a pair of alvos 





present in the coats of both arteries and veins. In the external 
coat of large vessels they form a plexus of more or less tubulir 
vestels, In smaller vessels they appear as spaces lined by endo- 


A a 


1+ \ 





Fig, s21.—a, vein with valves open. », sith valves closed! ; stream of lilood passing off by 
laters! channel, (Dalton.) 

thelium. Sometimes, as in the arteries of the omentum, mesentery, 

and membranes of the brain, in the pulmonary, hepatic, and 

splenic arteries, the spaces are continuous. with vessels which 

distinctly ensheath them—perivascular lymphatics (fig. 222). 
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The Capillaries. 


To all vascular textures exeept some parts of the corpora caver- 
nosa of the penis, of the uterine placenta, and of the spleen, 
the transmission of the blood from the minute branches of the 
arteries to the minute veins is effected through a network of 
capillaries, 

‘Their walls are composed of endothelium—a single layer of 





Fig. 272-—Surface view of an artery from the mesentery of a frog, ensheathed 
fon pert-vasrnlar Iymplatic vowel. 2, the artery, with itx etroular mus 
thdlouted by broad transverse markings, with an i 
‘the adventitia cutaide, Y, lymphati 
endothelial membrane. Klein and Noble 5 





‘weswel ; its wall in a sisnple 
mith. 








elongated flattened and nucleated cells, so joined and dovetailed 
together as to form a continuous transparent membrane (fig. 223) 
Here and there the endothelial cells do nob fit quite accurately ; 
the space is filled up with cement material; these spots are 
called preudo-stomata. 

The diameter of the capillary vessels varies somewhat in the 
different tissues of the body, the most common size being about 
sevoth of an inch (124). Among the smallest may be mentioned 
those of the brain, and of the follicles of the mucous membrane 
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of the intestines; among the largest, those of the skin, Iings, and 
especially those of the medulla of bones. 
The size of capillaries varies necessarily in different animals in 





Fig. 125~Capillary blood-veemls frum the omentem of rabibit, showing the 
endotholial membrane of which they are composed, (Kloin sud Noble Smith.) 


relation to the size of their blood-corpuseles: thus, in the Proteus, 
the capillary circulation ean just be discerned with the naked eye. 





Pig. 224.—-Notwork of capil 
sels of the nir-cells of th 
lung magnitied, 0, 0 ¢ 

Arun is bt 
¢ the pulmonary at= 

(Prey: 









Fig. 225.—Tnjected capil 
Tay ‘vemale of muscle 
eon with « low mage 
nif ing power. 

sharpery 





The form of the capillary network presents considerable variety 
in the different tissues of the body: the varieties consist 
principally of modifications of two chief kinds of mesh, the 
rounded and the elongated, ‘That kind in which the meshes or 
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interspaces finve a roundish form is the most common, and 
prevails in those parts in which the capillary network is most 
dense, such as the lungs (fig. 224), most glands and mucous 
mombranes, and the cutis. The meshes of this kind of network 
are not quite circular but more or less angular, sometimes pre- 
senting a nearly regular quadrangular or polygonal form, but 


yhation of bead 
‘and neck, loft. 


‘Thonseic duct. 


Taft subclavian vein. 


‘Thoracic dunt, 


Tacteabs 


Lymphatien of lower 
‘extremition. 





Pig. 26.—Dingram of the principal groups of Lymphatic yewels. (Prom Quain, 


being more frequently irregular. ‘The capillary network with 
elongated meshes is observed in parts in which the vessels are 
arranged among bundles of fine tubes or fibres, as in muscles and 
nerves, In such parts, the meshes form parallelograms (fig. 225), 
the short sides of which may be from three to eight or ten times 
less than the long ones; the long sides are more or less parallel 
to the long axis of the fibres. 




















THE CIRCULATORY SYSTEM. 
The number of tho capillaries and remy om 


those parts. ‘The capillary network is closest in the 
in the choroid coat of the eye. 
It may be held as a general rule, that the more 
functions of an organ are, the more yaseular it ix. 
narrowness of the interspaces in all glandular organs, in mucous 
membranes, and in growing parts, and their much greater width 

in bones, ligaments, and other tough and comparatively inactive 


tissues. 
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Lymphatic Vessels. 


‘The blood leaves the heart by the arteries; it returns to the 
heart by the veins; but this lest statement requires modification, 





jpper inguinal glands. 2,2". Lower or inguinal 
Plexus of lymphatics in the couree af the long sephencen roc vein. 


is. 727-— Superficial lymphaticn of vight groin and upper past of ao bee 


for in the capillaries some of the blood-plasma escapes into the 
cell spaces of the tissues and nourishes the tissue-clements. 
This fluid, which is called /ymph, ia gathered up and carried back 
again into the blood by a system of vessels called dymphatics, 
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‘The principal vessels of the lymphatic system are, in structure, 
like small thin-walled veins, provided with numerous valves. The 
beaded appearance of the lymphatic vessels shown in figs. 227 
and 228 is due to the presence of these valves, They com- 
mence in fine microscopic Iymph-capillarics, in the organs and 






Lymphatic vewals of the head and neck a 
We ceeealh Lette coat ast prknrtieos are | 


of the trunk 





Galetrmanen decked und thrown outward 
reat itm deep surface. rane mphatic 
Sete eel tha heed nad face cod in the tock, nsile, and tomdintionss.  Betwevs 


the Jeft internal Ji vein aud the common carotid artery, the upper ascending Tart 
ot tbe Sooeatie diet washed 1 and chove this, and feseendis to. the arch abd last 


Jurt of the duct, ‘The termitation of the upper lymphatics of the diaphragm in the 
Eecdiastinnl glasedn ax well as the cardiac artd the decp-maminary Iympbation, i alae 


tissues of the body, and they end in two trunks which open 
into the large veins near the heart (fig. 226). The fluid which 
they contain, unlike the blood, passes only in one direction, 
namely, from the fine branches to the trunk, and so to the 
large veins, on entering which it is mingled with the stream 
of blood and forms part of its constituents, In fig. 226 the 
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greater part of the coutents of the lymphatic system of vessels 
will be seen to pass through a comparatively large trunk called 


Fig, 2929.— Superficial Iymphation of 
he forearm 'and palm of the hand, 
4.~4. Two seuall lands at tho beod 

6. ada yrophatio 
mphatie 





of Iymphat 
9.9% Outer and innar mets af 
sels. 8. Cephalic vein. «, Radial 
vein. ¢ Median vein, 








vein! ‘The lymphatics are repre- 
ented as lying on the drwp fascia, 
(Mascagni. ) 

in which they exist, 


endothelium, 





they 


the thoracic duet, which finally 
empties its contents into the blood- 
stream, at the junction of the fn- 
ternal jugular and subclavian veins 
of the left side. There ix a smaller 
duct on the right side. The lym- 
phatic vessels of the intestinal canal 
are called Jacteale, because during 
digestion the fluid contained in 
them resembles milk in appearance ; 
and the /ymph in the lacteals during 
the period of digestion is called chyle. 
There is no distinction of struc- 
ture, however, between lneteals and 
lymphaties. In some parts of its 
course the lymph-stream passes 
through lymphatic glands, to be 
described later on, 

Origin of Lymph Capillaries. — 
The lymphatic capillaries commence 
most commonly either (a) in closely- 
meshed networks, or (6) in irregular 
lacunar spaces between the various 
structures of which the different 
organg are composed. In serous 
membranes such as the omentum 
and mesentery they occur as a con- 
nected system of very irregular 
branched spaces partly occupied by 
connective- tissue corpuscles, aud 
in these and other varieties of 
connective tissue, the cell spaces 
communicate freely with regular 
lymphatic vessels. In many cases, 
though they are formed mostly by 
the chinks and crannies between the 
blood vessels, secreting ducts, and 
other parts which may happen to 
form the framework of the organ 
are lined by a distinct layer of 





The lacteals offer an illustration of another mode of origin, 
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namely (c) in blind dilated extremities in the villi of the small 
intestine. (See fig. 38, p. 29.) 

Structure of Lymph Capitlarics—The structure of lymphatic 
capillaries is very similar to that of blood-capillaries ; their walls 
consist of a single liyer of elongated endothelial cells with 
sinuous outline, which cohere along their edges to form a delicate 
membrane. ‘They differ from blood-capillaries mainly in their 





19 jen of cent jon of rabbit? dlayhrgin, stained with silver nitrate, 
Fie. ay shutics of central tendon of rabbits diaph ect wits all 
‘packground ix composed of bundles of white fibres, tetwoon which the 
phatics Ue. |, Lymphatics lined by long narrow endothelial cells, and showing 
yalves at frequent intervals. (Scholle) 


larger and very variable calibre, aud in their numerous communi- 
cations with the spaces of the lymph-canalicular system. 

In certain parts of the body, stomata exist, by which lymphatic 
capillaries directly communicate with parts formerly supposed to 
be closed cavities. They have been found in the pleura, and in 
othor serous membranes; a serous cavity thus forms a large 
lymph-sinns or widening out of the lymph-capillary system with 
which it directly communicates, 

A very typical plexus of lymphatic capillaries is seen in the 
central tendon of the diaphragm. Fig. 230 represents the appear- 
ance presented after staining with silver nitrate. 
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CHAPTER XIX. 
THE CIRCULATION OF THE BLOOD. 


In the preceding chapter, we have seen what the course of the — 
circulation is, and we have devoted considerable space to a study 
of the structure of the heart and vessels, We have now to 
approach the more strictly physiological side of the subject, and 
study the means by which the blood is kept in movement, so that 
it may convey nutriment to all parts, and remove from those parts 
the waste products of their activity. 

Previous to the time of Harvey, the vaguest notions prevailed 
regarding the use and movements of the blood. The arteries 
were supposed by some to contain air, by others to contain a 
more subtle essence called animal spirits ; the animal spirits were 
supposed to start from the ventricles of the brain, and they were 
controlled by the soul which was situated in the pineal gland. 
How the animal spirits got into the arteries was an anatomical 
detail which was bridged across by the imagination. 

There was an idea that the blood moved, but this was con- 
sidered to be a haphazard, to and fro movement, and confined to 
the veins. The proofs that the movement is a movement in a 
circle were discovered by William Harvey, and to this eminent 
discoverer also belongs the credit of pointing out the methods by 
which every physiological problem must be studied. In the first 
place there must be correct anatomical knowledge, and in the 
second there must be experiment, by which deductions from 
structure can be tested ; moreover, this second method is by far 
the more important of the two. Harvey's proofs of the cireulation 
came under both these heads. The structural or anatomical facts 
upon which he relied were the following: 

1. The existence of two distinct sets of tubes in connection 
with the heart, namely the arteries and the veins. 

2. The existence in one of these, the veins, of valves which 
would only allow the passage of the blood in one direction. 

His experimental facts were the following : 

3- That the blood spurts with great force and in a jerky 
manner from an artery opened during life, each jerk corresponding 
with a beat of the heart, 

4. That if the large veins near the heart are tied, the heart 
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=r flaccid, and bloodless, and on removal of the ligature 
flows into the heart. 

5. It ole fo aorta is tied, the heart becomes distended with blood, 
ae cannot empty itself until the ligature is removed. 

6. The ling experiments were performed on animals, but 
by the following experiment he showed that the circulation is a 
fact in man also; if a ligature is drawn tightly round a limb, no 
blood can enter it, and it becomes pale and cold. If the ligature 
is somewhat relaxed xo that blood can enter but cannot leave the 
limb, it becomes swollen. If the ligature is removed, the limb 
‘soon regains its normal appearance. 

7- Harvey also drew attention to the fact that there is general 
constitutional disturbance resulting from the introduction of « 
poison at « single point, and that this can only be explained by « 
movement of the circulating fluid all over the body. 

Since Harvey's time many other proofs have accumulated ; for 
instance ;— 

8. If an artery is wounded, hmmorrhage may be stopped by 
pressure applied between the heart and the wound; but in the 
case of a wound in a vein, the pressure must be applied beyond 
the seat of injury. 

9. If a substance which, like ferrocyanide of potassium, can be 
rewlily detected, is injected at a certain point into a blood vessel, 
it will after the lapse of a short interval have entirely traversed 
the circulation and be found in the blood collected from the same 

int, 

Se Our inereased knowledge of the structure of the heart and 
its yalves has shown that its structure is such as to permit the 
blood to pass in one direction only. 

11. Perhaps the most satisfactory proof of the circulation is 
‘one now within the reach of every student, though beyond tht of 
Harvey. Tt consists in actually seeing the passage of the blood 
from small arteries through capillaries into veins in the trang 

parts of animals, such as the tail of a tadpole or the web 
of a frog’s foot. Harvey could not follow this part of the 
circulation, for he had no lenses sufficiently powerful to enable 
him to see it. Harvey's idea of the circulation here was that the 
arteries carried the blood to the tissues, which he considered to be 
of the nature of a sponge, and the veins collected the blood again, 
much in the same way as drainage pipes would collect the water 
of a swamp. The discovery that the ends of the arteries are 
connected to the commencements of veins by a definite system of 
small tubes we now call capillaries, was made by Malpighi, in the 
year 1661. He first observed them in the tail of the tadpole, 
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and Leeuwenhoek, seven years later, saw the peng b= a 
lung of the frog. a 

We can now proceed to study some of the principles on which 
the circulation depends :— i ce 

The simplest possible way in which we could ‘Tepresent the 
ciroulatory system is shown in fig. 231 A. Here there is a closed 
ring containing fluid, and upon one point of the tube is an 
enlangement (H) which will correspond to the heart. It is 
obvious that if such a ring made of an onlinary Higginson's 
syringe and a tube were placed upon the table, there would be no 
movement of the fluid in it; in order to make the fluid move 
there must be a difference of pressure between different parts of 
the fluid, and this difference of pressure ix caused in the fluid by 
the pressure on it of the heart walls. If, for instance, one takes 
the syringe in one’s hand aud squeezes it, one imitates a con- 


A B 
©) C} 
ae = 
Pig, 251, Simple scherna of the ciroulation, 


traction of the heart: if the syringe has no valves, the Suid 
would pass out of each end of it in the direction of the two 
arrows placed outside the ring. When the pressure on the 
ayringe is relaxed (this would correspond to the interval between 
the heart beats), the fluid would return into the heart again in 
the direction of the two arrows placed inside the ring. ‘This, 
however, would be merely a to and fro moyement, uot a circula~ 
tion. Fig, 231 B shows how this to and fro movement could, by 
the presence of valves, be converted into a circulation; when the 
heart contracts the fluid could pass only in the direction of the 
outer arrow; when the heart relaxes it could pass only in the 
direction of the inner arrow ; the direction of both arrows is 
the same, and go if the contraction and relaxation of the heart 
are repeated often enough the fluid will move round and round 
within the tubular ring. 

The main factor in the circulation is difference of pressure. 
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Fluid always flows in the direction of pressure ; it could 10 more 
flow from a place where the pressure is low to where it is high 
than « river could flow uphill. This difference of pressure is 
produced in the first instance by the contraction of the heart, but 
we shall find in our study of the vessels that some of this 
pressure is stored up in the elastic arterial walls, and keeps up 
the circulation during the periods of rest of the heart. 

Before passing on to consider the physiology of heart and 
vonsols at greater length, let us take a few types of the circulatory 
system from different parts of the animal kingdom. 

In worms, and in the lowest vertebrate Amphiorus, the cir- 


of the body ; the blood p: 
collected by veins which 


into. a vumber of chambers pl 
the other; the most posterior 
the sins venosus; this contr 
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next cavity, that of the ventricle, and Jast of all is the aortic bulb, 
From the bulb, branches pass to the gills where they break up 
into enpillaries, and the blood is aérated: it then once more 
enters larger vessels which unite to form the dorsal aorta, whence 
the blood is distributed by arteries to all parts of the body ; here 
it enters the systemic capillaries, then the veins which enter the 
sinus (whence we started) by a few large trunks. 

Taking the frog as an instance of au amphibian, we find the 
heart more complex still, and the simple peristaltic action of the 
heart muscle as we huve described it in the hearts of worm and 
fish, becomes . correspondingly modified. There is only one 
ventricle, but there are two auricles, right and left, 











The ventricle contains mixed blood, since it receives arterial 
blood from the left auricle (which is the smaller of the two), and 
venous blood from the right auricle; the right auricle receives the 
venous blood from the sinus, which in turn receives it from the 
systemic veins, The left auricle, as in man, receives the blood 
from the pulmonary veins. 

When the ventricle contracts, it forces the blood onward into 
the aortic bulb which divides into branches on each side for the 
supply of the head (fig. 232, x), lungs and skin (fig. 232, 3), and 
the third branch (fig. 232, 2) unites with its fellow of the opposite 
side to form the dorsal aorta for the supply of the rest of the 
body. 

Passing from the amphibians to the reptiles, we find the 


a 
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present as a distinct chamber in the mammalian heart, but is 
represented by that portion of the right auricle at which the 
large veins enter. 


CHAPTER XX. 
PHYSIOLOGY OF THE HEART. 
The Cardiac Cycle. 


‘Tue series of changes that occur in the heart constitutes the 
cardiac eyele. This must be distinguished from the course of the 
circulation. The term cycle indicates that if one observes the 
heart at any particular moment, the heart from that moment 
onwards undergoes certain changes until it once more assumes 
the same condition that it had at the moment when the observa- 
tion commenced, when the cycle is again repeated, and so on. 
This series of changes consists of alternate contruction | and 

Contraction is known as systolo, and relax 


and constitutes the awricular systole; 
simultaneous contraction of the two ventric 
and that by a period during which the 


auricular systole, 

Taking 72 a8 the average number of hi 
each cycle will occupy y of a m ute 0 
asccond. ‘This may be approximatel 
way! - 

Auricular systole about or 
Ventricular systole about o” 
Total systole about 04 + Jo 


If the specd of the heart is quic 
each cycle is diminished, but the di 
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dinstole. ‘These different parts of the cycle must noxt be studied 
in detail, - 

The Avwricular Diastole—During this time, the blood from the 
large veins is flowing into the auricles, the pressure in the veins 
though very low being greater than that in the empty auricles. 
The blood expands the auricles, and during the last part of 
the auricular diastole it passes on into the ventricles. The 
dilatation of the auricles is assisted by the elastic traction of the 
lungs, The lungs being in a closed cavity, the thorax, and being 
distended with air, are in virtue of their elasticity always tending 
to recoil and squecze the air out of their interior; in so doing 
they drag upon any other organ with which their surface is in 
contact : this elastic truction will be greatest when the lungs are 
most distended, that is during inspiration, and will be more felt 
by the thin-walled auricles than by the thick-walled ventricles of 
the heart. 

The Auricular Systole is sudden and very rapid ; by contracting, 
the auricles empty themselves into the ventricles. The contraction 
commences at the entrance of the great veins and is thence pro- 
pagated towards the auriculo-ventricular opening. The reason why 
the blood does not pass backwards into the veins, but onward into 
the ventricles is again a question of pressure ; the pressure in the 
relaxed ventricles, which {8 8 small ng to exert a suction action 
on the auricular blood, is less than in the veins. Moreover, the 
auriculo-ventricular orifice is lange and widely dilated, whereas 
the mouths of the veins are constricted by the contraction of 
their muscular coats. Though there is no regurgitation of the 
blood backwards into the veins, there is a stagnation of the flow 
of blood onwards to the auricles. The veins have no valves at 
their entrance into the auricles, except the coronary vein which 
does possess a valve; there are valves, however, at the junction 
of the subclavian and internal jugular veins, 

Ventricular Diastole; during the last part of the auricular 
diastole, and the whole of the auricular systole, the ventricles have 
been relaxed and then filled with blood, The dilatation of the ven- 
tricles is chiefly brought about in virtue of their elasticity ; this 
is particularly evident in the left ventricle with its thick muscular 
coat. It is oqual to 23 mm. of mercury, and is quite independent 
of the clastic traction of the Langs, which, however, in the case of 
the thinner-walled right ventricle comes into play. 

The Ventricular Systole ; this is the contraction of the ventricles, 
and it occupies more time than the auricular systole; when it 
oceurs the auriculo-ventricular valves are closed and prevent 
regurgitation into the auricles, and when the force of the systole 
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and the pressure within the ventricles exceeds that in 
arterics which originate from them, the semilunar 
opened, and the ventricles empty themselves, the left 
the right into the pulmonary artery. Each 

ventricle ejects about 3 x8, of blood with exch contraction ; the 
in virtue of its thicker walls acts about thrice as forcibly as 
right. The greater force of the left ventricle is necessary as 
to overcome the resistance of the small vessels all over 


‘The shape of both ventricles daring aystole is generally described as 
o na_altération, the diameters in the plane of the base being 
and the length of the ventricles slightly lesened. The whole 
heart, moreover, moves towards the right and forwards, twisting on its long 
axis and exposing more of the left ventricle reer than when it is at 
rest. These movements, which were first described by Harvey together with 
the hardening that oceurs when the ventricles contract, have been since 
Harvey's time believed to be the cause of the cardiac impulse or apex beat 
which % to be felt in the fifth intercostal space about three inches from the 
middle line. It has, however, been recently shown Tie that these 
cour when the chest walls are open. When the heart con- 
tmets in a. thorax it undergoes no change in shape, as the contraction 
is concentric, that is equal in all directions, The diminution of the heart's 
tole cannot be the cause of the apex beat; it 
would rather tend to draw the chest wall inwards than push it outwards. 
Doubtless the apex beat is produced by the increased pressure in the 
aorta being transmitted backwards to the heart, and causing it to pros 
tore ldcwel thin it does in diastole against the chest walls. 





Action of the Valves of the Heart. 


1, The Auriculo-Ventricular.—Tho distension of the ventricles 
with blood continues throughout the whole period of their diastole. 
Tho aurioulo-ventricular valves are gradually brought into place 
by some of the blood getting behind the cusps and floating them 
up; and by the time that the diastole is complete, the valves are 
in apposition, and they are firmly closed by the reflux current 
caused by the systole of the ventricles. The diminution in the 
size of the heart during ventricular systole is well marked in the 
neighbourhood of the auriculo-ventricalar rings, and this aids in 
rendering the auriculo-ventricular valves competent to close the 
openings, by greatly diminishing their diameter. The margins of 
the cusps of the valves are still more secured in apposition with one 
another, by the simultaneous contraction of the musculi papillares, 
whose chord tendine« have a special mode of attachment for 
this object. The cusps of the auriculo-ventricular valves meet not 
by their edges only, but by the opposed surfaces of their thin outer 
borders. 
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The museuli a prevent the auriculo-ventricular valves 
from being eve! into the auricle. For the chordw tendinem 
might allow the valves to be pressed back into the auricle, were 
it not that when the wall of the ventricle is brought by its con- 
traction nearer the auriculo- ventricular orifice, the musculi 
papillares more than compensate for this by their own contraction ; 
they hold the chords tight, and, by pulling down the valves, 
add slightly to the force with which the blood is expelled. 

These statements apply equally to the auriculo-ventricular 
valves on both sides of the heart; the closure of both is generally 
complete every time the ventricles contract. But in some circum- 
‘stances the tricuspid valve does not completely close, and a certain 
quantity of blood is forced back into the auricle. This has been 
called its safety-valve action. The circumstances in which it 

usually happens are those 

B in which the vessels of the 
lung are already completely 
full when the right ventricle 
contracts, as, ¢g., in certain 
pulmonary diseases, and in 
very active muscular exer- 
@ tion, In these cases, the 
‘ vetionot tricuspid valve does not 

oy pape AT completely. close, nad! tbe 

Jying near’ the arterial walls, represen ted by regurgitation of the blood 

the continuous outer line. seater Hater) ete) may be indicated by a pul- 

Piechant tam nur tom diem; sation in the jugular veivs 

Suuilateral triangle, as represented by the synchronous with that in 

the carotid arteries. 

2. The Semilunar Valves.—It has been found that the com- 
mencement of the ventricular systole precedes the opening of the 
semilunar valves by a fraction of a second. This shows that the 
intraventricular pressure does not exceed the arterial pressure 
until the systole has actually begun, for the opening of the valves 
takes place at once when there is « distinct difference in favour 
of the intraventricular over the arterial pressure, and they continue 
open only as long as this difference continues. When the arterial 
exceeds the intraventricular pressure, there is a tendency of the 
blood to flow back to the heart, and this closes the valves, The 
dilatation of the arteries is, in a peculiar manner, adapted to bring 
this about. The lower borders of the semilunar valves are attached 
w the inner surface of the tendinous ring, which is inlaid at the 
orifice of the artery, between the muscular fibres of the ventricle 
and the elastic fibres of the walls of the artery. The tissue of 
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Dg and does not admit of extensioa under such 
‘as it is commonly exposed to; the valves are equally inex- 
. formed of fibrous tissue. Hence, when th tricle 
: artery, 


enough to stretch in an equal degree, 

ves and the ring to which their lower 

effect, therefore, of each such propul- 

itricle is, that the wall of the first por- 

artery is dilated into three pouches behind the valves 

of the valves are drawn inward towards 

i itions may be explained by the diagrams 

in fig. 234, in which the continuous lines represent a transverse 

‘section of the arterial walls, the dotted ones the edges of the 

valves, first, when the valves are nearest to the walls (a), as in 

she dead heart, and, secondly, when the walls are dilated, and the 
rawn away from them (»). 

jis position of the valves and arterial walls is retained so long 

ventricle continues in contraction; but as soon as it 

and the dilated arterial walls can recoi) by their elasticity, 

blood is forced backwards towards the ventricles and onwards 

the course of the circulation. Part of the blood thus forced 

in the pouches (sinuses of Valsalva) (a, fig. 234, ¥) 

the valves and the arterial walls; and the valves are by 

together till their thin Funated margins meet in three 

‘ting from the centre to the circumference of the artery 

8, fig. 209). 
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The Sounds of the Heart. 


When the ear is placed over the region of the heart, two sounds 
may be heard at every beat of the heart, which follow in quick 
succession, and are succeeded by a pawse or period of silence, 
‘The jiret or systolic sound is dull and prolonged ; its commence- 
ment coincides with the impulse of the heart against the chest 
wall, und just precedes the pulse at the wrist. The second or 
diastolic sound is shorter and sharper, with a somewhat flapping 
character, and follows close after the arterial pulse. The periods 
of time occupied respectively by the two sounds taken together 
and by the pause, are nearly equal. Thus, according to Walshe, 
if the cardine cycle be divided into tenths, the firet sound oecu- 
pies fy; the second sound yj; the first pause (almost imper- 

qo; and the second pause 44. The sounds are often 
but somewhat inaptly compared to the syllables, /i/J—diip, 


| it 
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The events which correspond, in point of time, 
sound, are (1) the contraction of the hepmrliebmcsetand 
pthc emi ire intra on arse rr So : 
ventricular valves, (4) the opening of the semilunar valves, and 
(5) the propulsion of blood into the arteries. The sound is suc-— 
ceeded, in about one-thirtieth of a second, by the 





pulsation 
facial arteries, and in about one-sixth of a second, by the 
tion of the arteries at the wrist. The second sound, in point of 
time, immediately follows the cessation of the ventricular con- 
traction, and corresponds with (a) the tension of the semilunar 
valves, (4) the continued dilatation of the auricles, (ce) the com- 
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Fig. 235,— Scheme of cardiac eels. The inner cree shows the events which oceur within 
th hearts the outer the relation of the sounds and patanato thew eveats. (Sarpy 


mencing dilatation of the ventricles, and (d) the opening of the 
auriculo-ventricular valves. The pause immediately follows the 
second sound, and corresponds in its first part with the completed 
distension of the auricles, and in its second with their contruction, 
and the completed distension of the ventricles; the auriculo- 
ventricular valves are open, and the arterial valves closed daring 
the whole of the pause. 

Causes.—'The exact cause of the first sound of the heart is a 
matter of discussion. Two factors probably enter into it, viz, 
first, the vibration of the awriculo-ventricular valves and the chord 
tendinee. ‘This vibration is produced by the increased imbraven- 
tricular pressure set up when the ventricular systole commences, 
which puts the yalves om the stretch. [t is not unlikely 
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too, that the vibration of the ventricular walls themselves, 
and of the aorta and pulmonary artery, all of which parts 
are suddenly put into a state of tension at the moment of ven- 
tricular contraction, may have some part in producing the first 
sound. Secondly, the muscular sound produced by contraction of 
the mass of musoular fibres which form the ventricle. Looking 
upon the contraction of the heurt as a single contraction and not 
a4 A Keries of contrictions or tetanus, it is ab first sight difficult 
to see why there should be any muscular sound at all when the 
heart contracts, a3 a single muscular contraction does not produce 
sound. It has been suggested, however, that it arises from the 
repeated unequal tension produced when the wave of muscular 
contraction passes along the very intricately arranged fibres of 
the ventricular walls, There can be no doubt, however, that the 
valvular element is the more important of the two factors, because 
the sound is loudest at first, when the vibration of the valves 
commences, and fades away as the vibrations cease, If the 
sound was mainly muscular, it would be loudest when the mus- 
cular contraction was most powerful, which ix approximately 
about the middle of the veutricular systole. The facts of disease 
Tend support to the theory that the first sound is mainly valynlar ; 
for when the yalves are incompetent, the first sound is largely re- 
placed by a murmur due to regurgitation of blood into the auricle. 
After the removal of the heart from the body, the muscular 
contribution to the first sound is audible but it is very faint. 
Itis stated to have a somewhat lower pitch than the valvular 


‘The cause of the second sound is more simple than that of the 
first. It is entirely due to the vibration consequent on the 
sudden stretching of the semilunar valves when they are pressed 
down across the orifices of the aorta and pulmonary artery. The 
influence of these valves in producing the sound was firat demon- 
strated by Hope, who experimented with the hearts of calves. In 
these experiments two delicate curved needles were inserted, one 
into the sorta, and another into the pulmonary artery, below the 
line of attachment of the semilunar valves, and, after being 
earriel upwards about half an inch, wero brought out again 
through the coats of the respective vessels, so that in each vessel 
one valve was included between the arterial walls and the wire, 
Upon applying the stethoscope to the vessels, after such an 
operation, the second sound ceased to be audible, Disease of 
these valves, when sufficient to interfere with their efficient action, 
also demonstrates the same fact: by modifying the second sound 
or destroying its distinctness. 


generally close simultaneously. 

nortic may close slightly before the pulmonary valves, 

to a ‘reduplicated second sound,’ The pulmonary contribution 
to this sound is best heard over the second /eft cartilage. 





The Coronary Arteries. 


‘The coronary arteries are the first branches of the aorta ; they 
originate from the sinuses of Valsalva, and are destined for the 
supply of the heart itself; the entrance of the coronary vein, into 
the right auricle, we have already seen (p. 206). 

Ligature of the coronary arteries causes almost immediate 
death; the heart, deprived of its normal blood supply, beats 
irregularly, twitches, and then ceases to contract alt 

In fatty degeneration of the heart in man, sudden death is by 
no means infrequent. This is in many cases due to a growth in 
thickness of the walls of the coronary arteries called atheroma, 
which progresses until the lumen of these arteries is obliterated, 
and the man dies almost as if they had been ligatured. 


. 
Self-atecring Action of the Heart—This expression 

Briicke, He supposed that the semi-lunar valves loeod the the ori re 
coronary arteries daring the systole of the heart, Unlike all the 
arteries of the body, the coronary arteries would therefore fill ot aie 
diastole, and this increased fulness of the vessels in the heart wal 
dinstole would assist the ventricle to dilate. This, bowever, is Dee 
the valves do not cover the mouths of the arteries; and at the beginning 
of systole the velocity and pressure in the coronary arteries increase ; 
later on during systole the ventricular wall is 30 strongly contracted Uhat 
the muscular tension becomes greater than the coronary pressure, and so 
coronary arteries anu their tributaries aro compressed and the blood driven 
back into the sorta; the coronary arteries are then again filled with the 
commencing diastole. Self-steering action of the heart therefore 

it is brought abont in n different way from what Briicke supposed. 


He 


iit 


Cardiographs, 


A cardiograph is an instrument for obtaining a graphic record 
of the heart’s movements. In animals the heart may be exposed, 
and levers placed in connection with its various parts may be 
employed to write on a revolving blackened surface, 


- 
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A ri instrument applicable to the frog's heart is the 


Pig. 236.—Simple cardlograph far frog's heart, 


‘The sternum of the frog having been removed, the pericardium 
opened, and the fraenum (a small band from the back of the 
heart to the pericardium) divided, the 
heart is pulled through the opening, 
® minute hook placed in its apex, 
and this is fixed by a silk thread to 
a lever pivoted at F ks in the figure. 
‘The cardiac wave of contraction starts 
at the sinus, this is followed by the 
auricular systole, and that by the 
ventricular systole and pause, This 
is recorded as in the next figure (fig. 
237) by movements of the writing 
point at the end of the long arm 
of the lever. Such apparitus is, how- 
ever, not applicable to the human z : 
heart, and all the various forms of followed by vent eat : 
cardiograph devised for this purpose ”"°*™ 
are modifications of Marey's tambours. One of those most 
frequently used is depicted in the next two diagrams. 





It (fig. 238) consists of a cup-shaped metal box over the open front of 
which is stretched an elastic india-rubber membrane, upon which is fixed » 
small knob ef hard wood or ivory. This knob, however, may be attached, 
‘a8 in the figure, to the side of the box by means of a spring, and may be 
made to act upon a metal disc attached to the elastic membrane, 

‘The knob is for application to the chest-wall over the apex beat, 
The box or tam@bur communicates by means of an air-tight tube with the 
interior of a second tambour, in connection with which is a long and 
light lever, ‘The shock of the heart's impulse being communicated to the 
ivory knob and Sbrough it to the first tambour, the effect is at once 
transmitted by the column of air in the elastic tube to the interior of 
the second tambour, also clored, and through the elastic and movable lid 
of the latter to the lever, which is placed in connection with « registering 
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which consists of « cylinder covered with smoked 
wth n definite velocity. The point of the lever writes 
8 tracing of the heart's impulse or cardiogram is thes 





Fig. 298.—Cardiograph, (Sanderton's.) 
Fig. 240 represents a typical tracing obtained in this way, 
‘The first smal) rise of the lever is caused by the auricular, the 
second Iarger rise by the ventricular systole; the downstroke 


‘Sorew to regulate elevation of lever. 
t 





‘Writing lever, ‘Tambour, ——‘Tuibo of eantiograph. 
Fig. 2)9.—Marey's Tombour, to which the movement of the column of air in the first 


tambour is conducted by & tube, and from which it is communicated by the lever 
to. rerolving cylinder, no that tho tracing of the movement of the impulse Dent ts 
obtnined. 


represents the pause, the tremors at the commencement of which 
are partly instrumental and partly caused by the closure of the 
semilunar valves, 

Another method of obtaining a tracing from one's own heart 
consists in dispensing with the first tambour, and placing the 
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tube of the recording tambour in one's mouth, and holding the 
breath though keeping the glottis open. Tho chest then acts 





Pig. sve Dapdiogvam fyom human heart. The variations in the individoal beats are 2ve 
Feet eaneeene en seen =e Cees Ox 284 NORE Ze be read from left 10 


as the first tambour, and the movements of the lever (cardio- 
pheumatogram) may be written in the usual way. 


Endocardiac Pressure. 


‘The tracings of the cardiograph are, however, very variable, 
and their interpretation is a matter of discussion. A much better 
method of obtaining a graphic record of the events of the cardiac 
cycle consists in connecting the interior of an animal's heart with 
recording apparatus, 

There are several methods by which the endocardiac pressure 
may be recorded, 

By placing two small india-rubber airbags or cardiae sounds 
down the jugular vein into the interior respectively of the right 
auricle and the right ventricle, and a third in an intercostal space 
in front of the heart of a living animal (horse), and placing these 
bags, by means of long narrow tubes, in communication with 
three tambours with levers, arranged one over the others in con- 
nection with a registering apparatus (fig. 241), Chauveau and 
Marey were able to record and measure the variations of the 
endocardiac pressure and the comparative duration of the con- 
tractions of the auricles and ventricles. By means of the same 
apparatus, the synchronism of the impulse with the contraction 
of the ventricles is also shown. 

In the tracing (fig. 242), the intervals between the vertical 
lines represent periods of a tenth of a second. The parts on 
which any given vertical line falls represent simultancous events. 
It will be seen that the contraction of the auricle, indicated by the 
marked curve at 4 in the first tracing, causes a slight increase of 


KP, a 
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pressure in the ventricle, which is shown at a’ in the secoud 
tracing, and produces also a slight impulse, which is indicated by 








tus of MM. Chauyean and Marey for estimating the varistiony of 
¢ endocantiac pressure, and the production of the impulse of the heart. 








A” in the third tracing. The closure of the semilunar valves 
causes & momentarily increased pressure in the ventricle at ’, 
affects the pressure in the auricle 
pb, and is also shown in the tracing 
of the impulse, p”, 

The large curve of the ventri 
cular and the impulse tracings, 
between 4’ and p’, and 4” and p”, 
are caused by the ventricular con- 
traction, while the smaller undula, 
tions, between B and o, p and o’ 
8” and 0”, are caused by the vibra- 
tions consequent on the tightening 
and closure of the suriculo-ventri- 
cular valves, 

Much objection has, however, 
Fig. s4r-—Trnoings of (1). Tntra-auri- been taken to this method of in. 


cular, and (3), Intra-veutricular . 
pressure, and |), of the impulse of vestigation. First, because it does 
the heart, to be read from left to ; 5 
right; obtained by Chauveau and not admit of both positive and 
a negative preasure being recorded, 

Secondly, because the method is only applicable to large animals, 

such as the horse. Thirdly, because the intraventricular changes 

of pressure are communicated to the recording tambour by a 

long elastic column of air; and fourthly, because the tambour 

arrangement has a tendency to record inertia vibrations. Rolleston 
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reinvestigated the subject with a more suitable but rather compli- 
cated apparatus. ‘The principle of the method consisted in placing 
the cavity of a heart-chamber in communication with a recording 
apparatas by means of a tube containing saline solution. His 

pparatus consisted of a lever connected to a piston ; 


ing pressures exerted on the blood by the contraction 
ami dilatation of the heart; the rise and fall of the lever were 


controlled by the resistance to torsion of a steel ribbon to which 
it was attached. ‘The above figure (fig. 243) shows the kitid of 
tracing he obtained. He found :— 

1, That there is no distinct and separate auricular contraction 
marked in the curves obtained from either or le 
the auricular and ventricular rises of pr 
one continuous rise, 

2. That the auriculo-ventricular valves are closed before any 


great rise of pressure 
results from the auricular 


hee is : 
aay al baa 


ly. 
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Another method of overcoming the imperfections of site 
tambour is by the use of Hirthle's manometer (fig. aia " 
this the tambour is very stmall, the membrane is made of thick 
robber, and the whole, including the tube that connects it to 
the heart, is filled with « strong saline solution (saturated solution 
of sodium sulphate), 

‘The tracing obtained by this instrument, when connected with 
the interior of the ventricle, is represented in the next figure. 
‘The auricular systole causes a small rise of Leg a 
lasts about ‘o5 second. It ix immediately followed by the 
tricular contraction, which lasts from ® to p, From & to o ADs 
ventricle is getting up pressure, so that at c it equals the aortic 
pressure. This takes ‘oz to ‘og second, Beyond © the aortic 
valves open, and blood is driven into the aorta; the outflow Insts 
from ¢ to p ("2 second). At p the ventricle relaxes. The flat 
part of the curve ia spoken of as the systolic plateau, and according 
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Fig. 245.- Carve of intra-ventricular presse. (Aftor Hilrthle.) 


to the state of the heart and the peripheral resistance may 
present « gradual ascent or descent ; it occupies about +18 second, 
Almost immediately after the relaxation begins, the intraven- 
tricular pressure falls below the aortic, 80 that the aortic valves 
close near the upper part of the descent at £. 

The amount of pressure in the heart is measured by a mano- 
meter, which is counected to the heart by a tube containing a 
valve. This was first used by Goltz and Ganle. If the valve 
permits fluid to go only from the heart, the manometer will 
indicate the maximum pressure ever attained during the cycle. 
If it is turned the other way, it will indicate the minimum 
pressure. The following are some of the measurements taken 
from the dog's heart in terms of millimetres of mercury :— 


Maxinayin Minion 
presure. roars. 
Left ventricle . 2 140 mm, — 30 40 mm. 
Right ventricle .  bomm, ~ 15 mm, 
Right auricle. * 20 mm. - 73 om, 


By negative ( — ) pressure one means that the mercury is 
sucked up in the limb of the manometer towards the heart. 
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Another valuable instrument introduced by Hillrthle is called the 
Peek nae Tn this instrument, two cannule are brought 


falermn (#) of a lever, The lever works against a spring, and this sets in 
motion a writing style(s), This instrament coalian us to determine the 
ete in any two cavities, For instance, suppose 


8 A 
Pig. 246—Diagram of Murthle's differential roanomoter, 
A is connected to the left ventricle, and 1 to the aorta; wheo the pressare 
im the ventricle is greater than that in the aorta, the writing style will be 


raised ; when the pressure in the norta is greater than that in the ventricle, 
vets will fall ; when the two pressures ars equal, (t will be in the aero 


Prequency and Force of the Heart’s Action. 


The beart of a healthy adult man contracts about 72 times in 
a minute; but many circumstances cause this mte, which of 
eourse corresponds with that of the arterial pulse, to vary even 
in health. The chief are age, temperament, sex, food and drink, 
exercise, time of day, posture, atmospheric pressure, temperature. 
Some figures in reference to the influence of age are appended. 

The frequency of the heart's action gradually diminishes from 
the commericement to near the end of life, but is said to rise 
again somewhat in extreme old age, thus :— 


Before birth the average number of aon the seventh 


pulsations per minute is 150 . from go to 85 
Jobe afer bith from 140 to 130 | Aboat the fourteenth 

Daring the fis year 130 to 113 year “ 85 to Bo 

Deine, tes second Inadult age | 8 to 70 

115 to 100 | Inoldage - + 79 to 60 

Daringthathintyear Tooto 90 Indecrepitude . . 75 to 65 


Tu health there ix observed a nearly uniform relation between 
the frequency of the beats of the heart and of the respirations ; 
the proportion being, on an average, 1 respiration to 3 or 4 beats, 
‘The same relation is generally maintained in the cases in which 
the action of the heart is naturally accelerated, as after food or 
exercise ; but in disease this relation may cease. 

In estimating the work done by any machine it is usual to 
exptess it in terms of the unit of work, In England, the unit of 
work is the foot-pound, und is defined to be the energy expended 
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in raising a unit of weight (1 lb.) through a anit of height (1 ft): 
in ee eae ‘The work dono by the heart at 
each contraction can be readily found by multiplying the weight 
of blood expelled by the ventricles by the height to which the 
blood rises in w tube tied into an artery. This height is about 
1°5 metres (5 ft.) in man. Taking the weight of blood expelled 
from the left ventricle at each systole as 87 grammes (3 oz.) 
and the average pressure in the aorta as 110 mm. mercury 
(1°5 metres blood), the work done at each contraction will be 
130 gram-metres, To this must be added 45 grum-metres for 
the work done by the right ventricle. If the heart beats 72 times 
a minute, it will do 18,000 kilogramme-metres of work in the 
24 hours. 


The ee, of the Heart.—The first estimations of the work of the heart, 

ji made by Volkmann and Vieronit, gave numbers nearly double those stated 
in the Procedng raph, Recent research bas shown that their estimate 
of the output of the heart was excessive. Direct measurements of the heart's 
outpot have been made by Stolnikow and Tigerstedt. The former ent 
off by ligature the whole of the systemic circulation in the dog, and then 
meas the amount of blood passing through the simplified circulation 
which consisted only of the pulmonary and coronary vessels by means of 
@ graduated cylinder interposed on the course ote veel Tigerels 
made his observations by means of a Stromubr (see next chapter) inserted 
into the aorta. Severe operative measures of this kind, however, interfere 
with the circulation a deal. 
stare and ene jnand, and sare adopted (see scan bao 
the comparison © amount absor! wi 
oy smn added to the blood i te eee through the ieee 
circulation, 

G.N. Stewart has introduced an ingenious method, the principle of which 
is the following. A solution of an innocuous substance, which can be easily 
recognised and estimated, is allowed to flow for a definite time and at a 
uniform rate into the heart; the substance selected was sodium chloride. 
‘This mingles with the blood and passes into the circulation. At a conve 
nient point of the vascular system, a sample of blood is drawn off jast 
before the injection, and an equal amount during the passage of the salt; 
the quantity of the sodium chloride solution which must be added to the 
first sample in order that it may contain as much as the second sample is 
determined. This determination gives the extent to which the salt solution 
has been mixed with the blood im the heart, and knowing the quantity of 
the solution which has run into the heart, the output ina given time can 
be caleulated. 

All these experiments have been on animals. The results obtained neces- 
sarily vary with the size of the animal used, and with the rate at which 
the heart is beating. If the same relationship holds for man as for animals, 
Stewart calculates that in a man weighing 70 kilo, the output of each 
ventricle per second is less than cooz of the body weight, é.e., about 105 
grammes of blood per second, or $7 grammes (about 80 ec.) per heart beat 
eae mite of 72. Zunt obtained rather smaller numbers by his 
method. 

Various methods have been adopted for registering the output of the 
heart under varying circumstances. A simple cardiometer applicable to 
the heart of a stall mammal like a cat has been devised by Barnard, It 
consists of an india-robber tennis ball with a cireular orifice eut in one side 
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of it large enough to admit the heart ; securely fixed it 

par belay ee aieat ds Ein, Ten ea eee, 
and pened The animal Fi se respiration. 
‘The pericardium is then ied by ac veep erring tad Ie 
into heal he percarliam overlap the cutie of the bal the 
vasoline. The four corners of the jum are then tightly tied by 


a 
¢ 
I 
: 
: 
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meter ; 

‘These movements are written by the end of the lever , and 

variations in the excursions of this lever correspond with variations in the 

amount of blood expelled from or drawn into the heart with systole and 
calibrating the instrument the actual volume of 


a extent 
late Prof. Roy. His instrument was made of metal, 
‘was used as the medium in its Interior. 


3. The intrinsic nerves of the heart. These were formerly 
regarded as more or less independent of the other two sets of 
fibres ; we now know, however, that they are merely the termi- 
ations of the other nerves in the heart-wall. For convenience 


of the fourth ventricle, at the point of the calamus scriptorius. 
Tt leaves the bulb by some ro—1r5 bundles behind the ninth 
nerve, and leaves the skull by the jugular foramen, having upon 
it = ganglion called the jugular ganglion. Shortly afterwards it 
passes through a second ganglion called the ganglion trunci vagi. 
It gives off branches to the vessels of the meninges and to the 
ear, and then receives certain connecting branches : (a) from the 
glosso-pharyngeal ; and (+) it receives the whole inner division 
of the spinal accessory nerve. This nerve arises from a centre 
in the bulb close to and below the vagal nucleus; the outer 
half of the same nerve arises from spinal roots, and supplies 
the sterno-mastoid and trapezius. 

The fibres of the spinal accessory that join the vagus are 
chiefly motor, especially to the larynx ; some are cardio-inhibitory 
(see p. 252). 

The vagus then gives off branches to the pharynx, larynx, 
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heart, lungs, esophagus, and stomach, the remainder joining the 
celiac plexus, and contributing to the nerve sapply of various 
abdominal organs. We have, however, in this place only to deal 
with the cardiac fibres. 

It has been known since the experiments of the Bros. Weber 
in 1845, that stimulation of one or both vagi produces slowing 
or stoppage of the beats of the heart. It has since been shown 
in all of the vertebrate animals experimented with, that thix ix 
the normal result of vagus stimulation, Moreover, section of 
one vagus produces slight acceleration of the heart; this result 
is better marked when both vagi are divided, 

Weak stimulation of the peripheral end of the divided nerve ~ 
produces slowing of the heart (fg, 248); a strong stimulus 
produces stoppage (fig. 247). It appears that any kind of 





Big. 047.-Tracing showing art a Lee Avr., auricular; Vent, 
' yediricular tracing” he part botwoea, the jcular lines indicates the period 
of vagus stimulation. (3 indicates that the sraandary coll wes 8 5, from the 
primary. The eas of the tracing to the left shows the tions of 
rate height bef stimulation. pune a etnalaiice, fon a oe oy after, 


fault five Bok soon seyuires much pretteremplitute an before the application 

of the stimulus, (Prom Brunton, after aot es a 
stimulus produces the same effect, either chemical, mechanical, 
electrical, or thermal, but that of these the most potent is 
a rapidly interrupted induction current, A certain amount 
of confusion has arisen as to the effect of vagus stimulation 
in consequence of the fact that within the trunk of the 
nerve are contained, in some animals, fibres of the sympathetic, 
and it depends to some extent upon the exact position of the 
application of the stimulus, as to the exact effect produced. 
Speaking generally, however, excitation of any part of the trunk 
of the vagus produces inhibition, the stimulus being particularly 
potent if applied to the termination of the vagi in the heart 
itself, where they enter the substance of the organ at the situation 
of the sinus ganglia, ‘The stimulus may be applied to either vagus 
with effect, although it is frequently more potent if applied to 
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the nerve on the right side, The effect of the stimulus is not imme- 
diately seen ; one or more beats may occur before stoppage of the 
heart takes place, and slight stimulation may produce only slowing 
and not complete stoppage of the heart. The stoppage may be due 
either to prolongation of the diastole, as is usually the case, or to 
diminution of the systole. Vagus stimulation inhibits the spon- 
taneous beats of the heart only; it does not do away with the 
irritability of the heart-muscle, since mechanical stimulation may 
bring out a beat during the stand-still caused by vagus stimula- 
tion, The inhibition of the beats varies in duration, but if the 
stimulation is a prolonged one, the beats may reappear before 
the ourrent is shut off, When the beats reappear on the 
cessation of stimulation, the first few aro usually feeble, and 
may be auricular only ; after a time the contractions become 
atronger, and very soon exceed both in amplitude and frequeney 





Pig. 248-—Tracing showing diminished amplitude and slowing of the pulsations of the 
‘tare and Seite shot mrt oeppege during wimulstica of the vagus: 


those which occurred before the application of the stimulus 
(figs. 247, 248). 

‘One branch of the vagus is called the depressor; it is a separate 
nerve in only a few animals. Unlike the inhibitory branches, 
it is afferent, not efferent; it carries impulses to the vaso-motor 
centre in the bulb from the heart. We shall study its use in 
connection with blood pressure. 

The Sympathetic.—The influence of the sympathetic is the 
reverse of that of the vagus. Stimulation of the sympathetic, 
even of one side, produces acceleration of the heart-beats, and 
acconiing to certain observers, section of the same nerve produces 
slowing. The acceleration produced by stimulation of the sym- 
pathetic fibres is accompanied by increased force, and #0 the 
action of the nerve is more properly termed augmentor. The 
action of the sympathetic differs from that of the vagus in 
several particulars besides the augmentation which is produced : 
first, the stimulus required to produce any effect must be more 
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powerful than is the case with the vagus stimulation ; secondly, 
a longer time clapses before the effect is manifest ; and thirdly, 
the augmentation is followed by exhaustion, the beats being after 
& time feeble and leas frequent. 

‘The fibres of the sympathetic system which influence the heart- 
beat in the frog, leave the spinal cord by the anterior root of the 
third spinal nerve, and pass thence by the ramus communicans to 
the third sympathetic ganglion, thence to the second sympathetic 
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Vig. 249.—Heart nerves of frog. (Dingrannmatic.) 


ganglion, and thence by the annulus of Vieussens (round the sub- 
clavian artery) to the first sympathetic ganglion, and thence in 
the main trunk of the sympathetic, to near the exit of the vagus 
from the cranium, where it joins that nerve and runs down to 
the heart within its sheath, forming the joint vagosympathetic 
trunk. These fibres are indicated by the dark line in fig. 249. 
The fibres of the sympathetic seen running up into the skull 
are for the supply of blood-vesselx there. It ahould be noted 
that the frog o spinal mecessory nerve. 

From the fact that the augmentor fibres are joined to the 
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vagus trunk, it will be understood that the effect of the stimula- 
tion of the vagus in the frog is not in all cases purely inhibitory, 
but may be augmentor, according to the position where the 
stimulus is applied, the intensity of the stimulus, and the con- 
dition of the heart; if it is beating strongly a slight vagus 
stimulation will produce immediate inhibition. 
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Pig, 230. —Heart nerves of snasninal, (Diagtarnsnatic.) 
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In man, the cardiac branches of the sympathetic probably 
originate in the same way; they travel to the heart from the 
annulus of Vieussens and cervical sympathetic in superior, 
middle and lower bundles of fibres. ‘These pass into the candiac 
plexus, and surrounding the coronary vessels ultimately reach 
the heart. They probably contain vaso-motor fibres for these 
vessels, as well as the more important fibres for the heart itself, 


The course of the inhibitory fibres in mammals has been recently 
Investigated by Grosemann, He clivides the rootlets that leave the ‘mealia 
to form the ninth, tenth and cleventh cranial nerves into three groups, 
4, band e; @ corresponds fairly well with the fibres of the glossopharyngeal, 
4 with thovs of the vagas, and with those of the spinal accessory, 
stimulating each rootlet he found the cardio-inhibitory fibres in the irae 
two or three rootlets of group 6 and the Upper rootlet of groupe. There 
are probably differencés in different animals, In the cat and dog Cadman 
finds that the rootlets in the @ group are respiratory ane afferent inbibltery, 
and that all the efferent inhibitory fibres are in group ¢. 

The inhibitory fibres are medullated, and only measure 2 to a in dia- 
meter ; they pass to the heart and lose their medulla in the ganglia of that 
organ.’ The sympathetic fibres on the other hand reach the heart as mon- 
medullated fibres; having lost their medulla in the sympathetic (inferior 
cervical and first thoracic) ganglia, Tho aagmentor centre in the central 
nervous system has not yet been accurately localised. 


Influence of Drugs.—The question of the action of drags on 
the heart forms a large branch of pharmacology. We shall be 
content here with mentioning two only, as they are largely used 
for experimental purposes by physiologists, Atropine produces 
considerable augmentation of the heart-beats by paralysing the 
inhibitory mechanism, Awscarine (obtained from poisonous fungi) 
produces marked slowing, and in larger doses stoppage of the 
heart. It produces « similar effect to that of prolonged vagus 
stimulation, and, as in that case, the effect can be removed by 
the action of atropine, The action of atropine cannot, however, 
be antagonised by musearine. That these drags act on the 
nerves, and not the muscular substance of the heart, is shown by 
the fact that in the hearts of early embryos, so early that no 
nerves have yet grown to the heart, these drugs have little or 
no offect. (Pickering. 

Reflex Inbibition—Thus there is no doubt that the vagi 
nerves are simply the media of an inhibitory or restraining 
influence over the action of the heart which is conveyed through 
them from the centre in the medulla oblongata which is always 
in operation. The restraining influence of the contre in the 
medulla may be reflesly increased by stimulation of almost any 
afferent nerve, particularly of the abdominal sympathetic, so as 
to produce slowing or stoppage of the heart, through impulses 




















4 — 


emt, Xx.) INTRACARDIAC NERVES. 253 


passing down the vagi. As an example of this reflex stimu- 
Lhe et se sired heart of a violent blow on 
Diet haaon ‘The stoppage of the heart's 
action in this case is due to the conveyance of the nervous impulse 
by fibres of the sympathetic (afferent) to the medulla oblongata, 
and its subsequent reflection through the vagi (efferent) to the 
muscular substance of the heart, Chloroform vapour and tobacco 
smoke in some people and animals, by acting on the terminations 
of the vagi or their branches in the respiratory system, may also 
produce reflex inhibition of the heart. Some very remarkable facts 
concerning the readiness by which reflex inhibition of the fish's heart 
may be produced were made out by Prof. McWilliam ; any slight 
irritation of the tail, gills, mucous membrane of mouth and pharynx, 
or of the parietal peritoneum, causes the heart to stop beating. 
Tn connection=with the subject of reflex inhibition, it may be 
mentioned in conclusion that though we have uo voluntary control 
over the heart’s movements, yet cerebral excitement will produce 
‘an effect on the rate of the heart, as in certain emotional conditions. 
Intracardiac Nerves.—The heart beats after its removal 
from the body ; in the case of the frog and other cold-blooded 
animals, this will go on for hours, and under favourable circum- 
‘stances for days In the case of the mammal, it is more a ques- 
tion of minutes unless the heart is artificially fod through the 
coronary artery with arterial blood. If this is done, especially 
in an atmosphere of oxygen, the dog’s heart, or even strips of the 
dog’s heart, can bo kept beating for hours, (Porter.) At one 
time this was supposed to be due to the intrinsic nervous system 
of the heart; the heart was regarded almost as a complete 
organism, possessing not only parts capable of movement, but 
also # nervous system to initiate and regulate those movements. 
We now, however, look upon the muscular tissue of the heart, 
rather than its nerves, as the tissue which possesses the power 
of rhythmical movement, because muscular tissue which bas no 
nerves at all possesses this property, For instance, the ventricle 
‘apex 's heart possesses no nerve-cells, but if 
it is cut off and fed with a suitable nutritive fluid at considerable 
pressure, it will beat rhythmically. (Gaskell.) The apparatus by 
whieh this muy be accomplished we shall study at the end of this 
chapter, The middle third of the ureter is another instance of 
muscular tissue free from nerves, but which nevertheless executes 
peristaltic movements. Perhaps, however, the most striking 
instance is that of the festal heart, which begins to beat directly 
it is formed, long before any nerves have grown into it. 
The power of rhythmical peristalsis therefore resides in the 
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muscular tissue itself, though normally during life it is controlled 
and regulated by the nerves that supply it. 

The intracardiac nerves have been chiefly studied in the frog ; 
the two vago-sympathetic nerves terminate in various groups: of 
ganglion cells ; of these the most important are Remak’s 
situated at the junction of the sinus with the right auricle ; and 
Bidder's ganglion, at the junction of the auricles and ventricle. A 
third collection of ganglion cells (von Besold's ganglion) is situated 
in the inter-nuricular septum, From the ganglion cells, fibres 
spread out over the walls of sinus, auricles, and the upper part 
of the ventricle. Remak's ganglion used to be called the local 
hibitary centre of the heart ; 
it is really the termination 
of the inhibitory fibres, and 
stimulation of the heart at 
the sinoauricular junction 
is the most certain way of 
obtaining stoppage of the 
heart. Bidder’s ganglion was 
called the local accelerator 
centre ag & corresponding 
reason. 

The seepage figures 
show the vagal terminations 
in Remak's ganglion (fig. 
251), some isolated nerve- 
cells from this ganglion (fig- 
252); and fig. 253 is a 
rough diagram to indicate 
the positions of the principal 
ganglia, 

Tn connection with the rhythmic contraction of the heart, it is 
necessary to allude to what is known as Stannius’ experiment, 
This experiment consists in applying a tight ligature to the heart 
between the sinus and the right auricle, the effect of which is to 
stop the beat of the heart beyond the liguture, whilst. the sinus 
continues to beat, If a second ligature is applied at the june- 
tion of the auricles and ventricle, the ventricle begins to beat, 
whilst the auricles continue quiescent, In both cases the quies- 
cent parts of the heart may be made to give single contractions 
in response to mechanical or electrical stimulation. A consider- 
able amount of discussion has arisen as to the explanation of 
these phenomena. It was suggested that the action of the 
ligature is to stimulate the inhibitory nervous mechanism in 
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‘the sinus, whereby the auricles and ventricle can no longer 
continue to contract, but this suggestion must be given up if 
the present theory as to the functions of the nerve ganglia is 
correct. ‘The effect of Stannius' ligature is simply an example of 
what has been called by Gaskell Adocking. The explanation of 
this term is us follows :—It appears that under normal conditions 





| —Tnolated nerve-cells from the {1 Te E Dron} form. 2 cee 
we C, capsule; N, nucleus ; ", FP, proces. (Prom Ecker. 


the wave of contraction in the heart starts at the sinus and 
travels downwards over the auricles to the ventricle, the irrita- 
bility of the muscle and the power of rhythmic contractility being 
greatest in the sinus, less in the auricles, and still less in the 
ventricle, whilst under ordinary conditions the apical portion of 
the ventricle exhibits very slight irritability and still less power 
of spontaneous contraction. Thus it may be supposed that the 





251-—Diagram of angle io froy's out. Ky Reaual's, Bidders wangion; 
‘wave of contraction beginning at the sinus ix more or less blocked 
by a ring of muscle at lower irritability at its junction with the 
auricles; again the wave in the auricles is similarly delayed 
in its passage over to the ventricle by a ring of lesser irritability, 
and thus the wave of contraction starting at the sinus is broken 
as it were both at the auricles and at the ventricle. By an 
arrangement of ligatures, or better, of a system of clamps, one 

of the heart may be isolated from the other portion, and 
the contraction when stimulated by an induction shock may be 
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mude to stop in the portion of the heart-musele in which it 
begins. It is not unlikely that the contraction of one portion of 
the heart acts as a stimulus to the noxt portion, aud that the 
sinus contraction generally begins first, since the sinus is the 
most irritable to stimuli, and possesses the power of rhythmic 
contractility to the most highly developed degree. It must not 
be thought, however, that the ware of contraction is incapable of 
passing over the heart in any other direction than from the sinus 
onwards ; it has been shown that by application of appropriate 
stimuli at appropriate instants, the natural sequence of beats may 
be reversed, and the contraction starting at the arterial part of 
the ventricle may pass to the auricles and then to the sinus, 

The question has been discussed whether the wave from one chamber is 
passed on to the next by nervous or muscular connection. ce rate 


of propagation of the-wave and the existence of mi 
across from one chamber to the next show that the link is a muscular one, 


An exceedingly interesting fact with regard to the passage of 
the wave in any direction has been made out by partial division 
of the muscular fibres at any point, whereby one part of the wall 
of the heart is left connected with the other parts by » small 
portion of undivided muscular tissue, and the wave of 
is then able to pass to the next portion of the wall only every 
second or third beat. Thus division of the muscle has much 
the same effect as partial clamping it in the same position, or of 
ligature similarly applied, but not tied tightly, The first 
Stannius ligature acts as a partial or complete block, and pre- 
vents the stimulus of the sinus-beat from passing further down 
the heart, but parts beyond the ligature may be made to contract 
by stimuli applied to them directly, The second Stannius liga- 
ture acts as a stimulus to the ventricle. Instead of applying 
the second ligature, the experiment may be varied by cutting off 
the heart beyond the first ligature; the stimulation caused by 
cutting produces waves that travel over auricles and ventricle, 

‘The explanation of the action of the Stannius ligatures just given can 
handly be regarded ax wholly satisfactory though it is the best that ean be 
offered at present. If the first ligature acts asa block it ia dificult to under- 


stand why the second should act as a stimulus; and if the second acts a8 a 
stimulus, ‘the question arises why the first should not act as a stimulus also. 











‘The importance of the sinus as the starting-point of the peri- 
stalsis can be shown by warming it. If the heart is warmed by 
bathing it in salt solution at about the body temperature, it beats 
faster ; this is due to the sinus starting a larger number of peri- 
staltic waves ; that this is the case may be demonstrated by warm- 
ing localised portions of the heart by a small galvano-cautery ; if 
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the sinus is warmed the heart beats faster, but if the auricles or 
ventricle are warmed there is no alteration in the heart's rate. 

‘The sinus in the frog’s heart, and that portion of the right 
auricle of the manimal's heart which corresponds to the sinus, is 
always the last portion of the heart to cease beating on death, or 
after removal from the body (udééma moriens), This is an addi- 
tional proof of the superior rhythmical power which it possesses. 

The fact that the Stannius heart is quiescent has enabled 
physiologists to study the effects of stimuli upon heart muscle. 
A single stimulus produces a single contraction, which has a 
Jong latent period, is slow, and propagated as a wave over the 
heart at the rate of § to ¢ inch, or ro—15 mm. a second. A 
second stimulus causes a rather larger contraction, a third one 
larger still, and so on for some four or five beats, when the size 
of the contraction becomes constant. This staircase phenomenon, 
as it is called, is also seen in voluntary muscle (see p. 124), but 
it is more marked in the heart. The following tracing shows the 
result of an actual experiment :— 


fatal dk tn inte ery raion af (the Made Temp 
Soap fi; n iat ray 
‘The contractions became Inrger with every beat. "To be read from rig 


Thore are, however, more marked differences than this between 
voluntary and heart muscle, The first of these is, that the 
amount of contraction does not vary with the strength of the 
stimulation. A stimulus strong enough to produce a contraction 
at all brings out as big a beat as the strongest. The second is, 
that the heart muscle has a long refractory period ; that ia to 
say, after the application of a stimulus, a second stimulus will 
not cause @ second contraction until after the lapse of a certain 
interval called the refractory period. The refractory period lasts 
as long as the heart-beat. The third difference depends on the 
second, and consists in the fact that the heart muscle can never be 
thrown into complete tetanus by a rapid series of stimulations ; 
with a strong current there is a partial fusion of the beats, but 
this is entirely independent of the rate of faradisation, Indeed, 
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asa rule, the heart responds by fewer beats to a mpid than toa 
slow rate of stimulation. 

In spite of these differences there are many and important 
resemblances between heart muscle and voluntary muscle. 

The thermal and chemical changes are similar; there is a 
using-up of oxygen and a production of carbonic acid and sireo- 
lactic acid. The using-up of oxygen was well illustrated by an 
experiment of Prof. Yeo's. He passed a weak solution of oxy- 
hwmoglobin through an excised beating frog's heart, and found 
that after it had passed through the heart, the solution became 
less oxygenated and venous in colour. 

‘The electrical changes are also similar, and have already been 
dwelt upon in Chapters XIL and XIV. 


Instruments for Studying the Excised Frog’s Heart. 


If a frog’s heart is simply excised and allowed to remain with- 
out being fed, it ceases to beat after a time varying from a 
few minutes to an hour or so, but if it is fed with a nutritive 
fluid, it will continue to beat for many hours. A 
nutritive fluid is defibrinated blood diluted with twice aes 
of physiological saline solution. Dr. Hine base however, shown 
that nearly as good results are obtained with physiological saline 
solution to which minnte quantities of calcium and potassium salts 
have been added ; in other words, the inorganic salts of the blood 
will maintain cardiac activity for a time without the addition of 
any organic material. Prof. Howell has recently shown that 
the sinus or venous end of the heart is expecially susceptible 
of being thrown into rhythmical action by such an inorganic 
mixture. The normal stimulus for the starting of the heart-beat 
is therefore to be sought in the mineral constituents of the blood. 
The fluid is passed through the heart by means of a perfusion 
cannula (fig. 255). The heart is tied on to the end of the 
cannula ; the fluid enters by one and leaves by the other tube. 

Numerous instruments have been devised for obtaining graphic , 
records of the heart's movements under these circumstances, but 
we shall be content with describing three of the best. They 
have been much used in the investigation of the effects of drugs 
on the heart, and the results obtained have been of much service 


to physicians. 


(4) The heart having been securely tied on to the perfusion cannula, the 
ciroulnting fluid is through it. One stem of the cannula is then 
attached oy tha ‘small ide branch on the left in fig. 255 by a tube containing 

m to a small mercurial manometer, provided with a float, on 
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Pig. 136—Roy’s Tonometer. 


a ion which is attached to a lever (cut short in the diagram) 
stage below the apparatus, 


firmly secured, 
down; every time the heart contracts 
‘the lever follows and magnifies these 


jasted to # convenient elevation and allowed to write on a 


‘becomes irregular. 
groups of contractions each showing 

separated by long intervals of quiescence (Lucian!'s Grou 

(3) Sehafer’s Heart-plet hysmograph— 

the same as Roy's. A diagrammatic sketch 

heart, tied on to a double cannulg, i inserted 

taining oi], On one side of the vessel is m tube, in which a 

piston is fitted ; to this a writing point is attached. The 








Pig. 257.—Schiiter's heart plethyemograph, 


backwards and forwards by the changes of volume in the heart causing the 
oil to alternately recede from and pass into this side tube. The 

ing tube on the other side can be opened and the tube with the 

closed when one wishes to cease recording the movements, 
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CHAPTER XXI. 
THR CIRCULATION IN THE BLOOD-VESSELS. 


‘Tae circulation through the vessels is accomplished by the 
heart as the primary propelling force ; the pressure in the heart 
is greater than that in the arteries ; the arterial pressure (which 
is kept high not only by the heart’s force, but by the existence 
of resistance at the periphery) is greater than that in the capil- 
laries, and the pressure is lowest in the veins, especially at their 
entrance into the heart; and fluid always flows in the direction 
of lower pressure, Before, however, passing on to the all-important 
question of blood-pressure, we must first consider various other 

in connection with the flow in the vessels, such as the 
velocity of the stream, and the character of the flow in different 
parts of the vascular circuit. 


The Velocity of the Blood-Flow. 


tional to their sectional area at that point 
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of the capillaries) is about zoo times as great as that of the 
truncated apex representing the aorta, Thus the velocity of 
blood in the capillaries is not more than y}y of that in the aorta. 
The veins are larger than the corresponding arteries, and so the 
rate there is proportionally slower. 

In the Arteries—The velocity of the stream of blood is greater 
in the arteries than in any other part of the circulatory system, 
and in them it is greatest in the neighbourhood of the heart, and 
during the ventricular systole. The rate of movement diminishes 
during the diastole of the ventricles, and in the parts of the 
arterial system most distant from the heart. 

A few of the results obtained by different observers may be 
here given. 


In the carotid of the dog, the velocity is 205 —350 mm. per second. 
” non ” 306 » 


» metatarsal "t Pe 56 » 


In very round numbers we may state the average speed in the 
large arteries ag a foot per second, 





Estimation of the Velocity.—Various instro- 
ments have been devised for measuring the velocity 
of the blood-stream in the arteries. Ludwig's 
Stromuhr (fig. 258), which ix the best instrument 
to use, consists of a U-shaped glass tube dilated 
at a and a’, the ends of which, A and ¢, are of 
known calibro, The bulbs can be filled by « 
common opening at k. The instrument. is 80 con- 
trived that at } and d’, the glass part is firmly fixed 
into metal cylinders, attached to a circular hori- 
xontal table ¢ c’, capable of horizontal movement on 
a similar table dd’ about the vertical axis marked 
in figare by a dotted line. Tho openings in ¢ 
when the instrament ix in position, ax in fig. 258, 
corresponds exactly with those ind @; but fee 
be turned at right angles to its present position, 
there is no communication between A and a and ¢ 
and a’, but / communicates directly with ¢; and if 
turned through two right angles ¢' communicates 
with d, and ¢ with d’, and there is no direct eommu- 
nication between hand. The experiment is per- 
formed in the following way :—The artery to be 
experimented upon is divided and connected with 
two cannulie and tabes which fit it accurately with 
hand (; A js the central end, and ¢ the peripheral ; 
the balb eis filled with olive oil up to # point 
rather lower than &, and a’ and the remainder of a 

Tie. 8-—Tadwig's ix filled with defibrinated blood ; the tube on & is 

pea then carefully clamped : the tubes d and d° are also 

filled with defibrinated blood. When everything ix 

ready, the blood is allowed to flow into a through A, and. it pushes before 
it the oil, and that the defibrinated blood into the artery through ¢; a’ is 
then full of oil ; when the blood reaches the former lerél of the oil in a, 
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a fine Jever, one end of which, slightly flat. 
lumen of the tube, while the other moves over the 
The tube js isserted into the interior of an artery, and 
to fix it, ao that the “relocity pulse,” iv, the change of 
heart-beat, may be indicated by the movement of the 
of the lever on the face of the dinl. 
rachometer of Vicrordt resembles in principle that of Chanvesn. 
madromometer of Volkmann, one of the earliest instruments 
this purpose, is Sapa ‘ long glass U-tube of the same calibre as 
ander investigation. It is provided with a cock, s0 that at a 
the blood can be admitted, and the time that the blood takes 
other end is oteerved. 
C 


ie—The microscopic observations of E. H. 
Weber and Valentin agree very closely as to the rte of the 
blood-current in the capillaries of the frog; and the mean of their 
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estimates gives the velocity of the systemic capillary circulation at 
about one inch (25 mm.) per minute. The velocity in the capil- 
luries of warm-blooded animals is somewhat greater; in the dog 
it is Jy to yy inch (‘5 to’75 mm.) a second. This may seem 
inconsistent with the facts, which show that the whole circulation 
may be accomplished in less than half a minute. But the whole 
length of capillary vessels through which any given portion of 
blood has to pass, probably does not exceed from yJ,th to ygth 
of an inch (5 mm.); and therefore the time required for each 
quantity of blood to traverse its own appointed portion of the 
general capillary system will scarcely amount to a second, 

In the Veins.—The velocity of the blood is greater in the veins 
than in the capillaries, but les than in the arteries: this fnet 
depends upon the relative capacities of the arterial and venous 
systems, If an accurate estimate of the proportionate areas of 
arteries and the veins corresponding to them could be made, we 
might, from the velocity of the arterial current, calculate that of 
the venous. A usual estimate is, that the capacity of the veins 
is about twice or three times as great as that of the arteries, and 
that the velocity of the blood’s motion is, therefore, about twice 
or three times as great in the arteries as in the yeins, 8 inches 
(200 mm.) « second. The rate at which the blood moves in the 
veins gradually increases the nearer it approaches the heart, for 
the sectional area of the venous trunks, compared with that of 
the branches opening into them, becomes gradually less as the 
trunks advance towards the heart. 

Of the Circulation as a whole.—Among the earliest investigators 
of the question how long an entire circulation takes was Hering. 
He injected a solution of potassium ferrocyanide into the central 
end of a divided jugular vein and collected the blood either from 
the other end of the same vein, or from the corresponding vein 
of the other side. The substance injected is one that can be 
readily detected by a chemical tost (the prussian blue reaction), 
Vierordt improved this method by collecting the blood as it flowed 
out, in a rotating dise divided into a number of compartments. 
The blood was tested in each compartment, and the ferrocyanide 
discovered in one which in the case of the horse received the 
blood about half a minute after the injection had been made. 
‘The experiment was performed in a large number of animals, and 
the following were a few of the results obtained : 


In the horse . < A + 31 seconde, 
» dog ; ‘ vis 16 
eat . > gts 
» fowl . 2 ‘ 5 w 
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At first sight these numbers show no agreement, but in each 
case it was found that the time ocoupied was 27 heart beats. The 
dog’s heart, for instance, beats twice as fast as the horse's, and so 
the time of the entire circulation only occupies half as much time. 
‘The question has recently been re-investigated by Prof. Stewart 
‘by improved methods, which have shown that the circulation time 
is about 15 seconds, that is considerably less than was found 
by the researches of Hering and Vierordt. The great objection 
to the older method is the fact that hamorrhage is occurring 
throughout the experiment, and this would materially weaken 
the heart and slow down the circulation, Stewart has employed 
two methods. In the first, the carotid artery is exposed, and 
le electrodes applied to it. These are placed in 
cireuit with a galvanometer and one arm of a Wheatstone’s 
bridge. After the resistances in the bridge have been balanced, 
and the galvanometer needle brought to rest, a small quantity of 
sodium chloride solution is injected into the opposite jugular 
vein. As soon as the salt reaches the carotid artery, the resist- 
ance of the blood is altered, the balance of the Wheatstone’s bridge 
is upset, and the galvanometer necdle moves. The period between 
the injection and the swing of the needle is accurately noted. 
‘Tho second method used is even simpler, and gives practically 
the same results; a solution of methylene blue is injected into 
the jugular vein. The carotid artery on the oppo: 
exposed, placed upon a sheet of white paper, and stron illumi- 
uated. The time is noted between jection and the moment 
when the blue colour is seen to appear 
‘has applied these methods also for d i 
by the passage of blood through various 
tion ; the longest circulation times were fou 
portal system and the lower limbs. 


‘Tigeratedt on the output of the 
circulation time of the whole blood 
‘as the period arrived at Heri 
fallacious to use the ci: jon ti 


the blood in the body. 
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The Use of the Elasticity of the Vessels. 


Tf a pump is connected with a rigid tube, such as a glass tube, 
every time that a certain amount is forved into one end of the 
tube an exactly equal quantity will be forced out at the other 
end. During the intervals between the pumpings, the flow will 
cease. If the far end of the tube is partially closed, the flow 
will still be intermittent, only the quantity injected and the 
quantity ejected, though still of equal volume, will be diminished. 
If we employ an elastic tube instead of a rigid tube, and the end 
is left freely open, the flow will still bo intermittent as in the 
case of the rigid tube; but if the end of the elastic tube is 
narrowed by « clamp the intermittent flow will be converted into 
a more or less perfectly constant flow. Each stroke of the pump 
forces a certain amount of fluid into the tube, but owing to the 
peripheral resistance, it cannot all escape at once, and part of 
the force of the pump is spent in distending the walls of the tube. 
This distended elastic tube, however, tends to empty itself, and 
forces out the fluid which distends it before the next stroke of 
the pump takes place. One part of the fluid is therefore foreed 
out by the immediate effect of the pump, and another part by 
the elastic recoil of the tube between the strokes, If the rate of 
the pump and the distension of the tube which it produces is 
sufficiently great, the fluid forced out between the strokes will 
be equal to that entering at each stroke and thus the outflow 
becomes continuous. 

Let us now apply this to the body. 

At each beat the left ventricle forces about three ounces of 
blood into the already full arterial system: The arteries are 
elastic tubes, and the amount of elastic tissue is greatest in the 
large arteries. The first effect of the extra three ounces is to 
distend the aorta still further; the elastic recoil of the walls 
drives on another portion of blood which distends the next section 
of the arterial wall, and this wave of distension is transmitted 
wlong the arteries with gradually diminishing force as the total 
arterial stream becomes larger. This wave constitutes the pulse, 
Between the strokes of the pump, or, in other words, during the 
periods of diastole, the arteries tend to return to their original size, 
and so drive the blood on, The flow, therefore, docs not cease 
during the heart's inactivity, so that although the foree of the heart 
is an intermittent one, the flow through the capillaries and the veins 
beyond is a constant one, all trace of the pulse having disap- 
peared. The peripheral resistance which keeps up the blood- 
pressure in the arteries, and like the clamp on our india-rubber 
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tube, assists in the conversion of the intermittent into a continuous 
stream, is to be found in the arterioles or small arteries, just 
before the blood passes into what we may term the vast capillary 
lake. These small arteries with their relative exoess of muscular 
tissue, which in health is always in a tonic state of moderate 
coutriction, play the part of a multitudinous system of stop: 
cocks. 

‘The large arteries contain a considerable amount of muscular 
as well as clastic tissue. This co-operates with the elastic tissue 
in adapting the calibre of the vessels to the quantity of blood 
they contain. For the amount of blood in the vessels is never 
quite constant, and were élastic tissue only present, the pressure 
exercised by the walls of the containing vessels on the contained 
blood would be sometimes very small, sometimes too great. ‘The 
presence Of a contractile element, however, provides for a certain 
uniformity in the amount of pressure exercised. There is no 
reason to suppose that the muscular coat assists in propelling 
the onward current of blood, except in virtue of the fact that 
muscular tissue is elastic, and therefore co-operates in the large 
arteries with the clastic tissue in keeping up the constant flow in 
the way already described. 

‘The contractility of the arterial walls fulfils a useful purpose 
in chocking hemorrhage should « srnall vessel be cut as it assists 
in the closure of the cut end, and this in conjunction with the 
coagulation of the blood arrests the escape of blood. 


The Pulse. 
‘This is the most characteristic feature of the a 


propulsion of the contents of the left ventricle into th 
full arterial system. The more distant the ir 
the longer is the interval that elapsea betwee 

beat and the arrival of the pulse. Thus 


artery of the foot. The ai ference « 
slight ; it is only a minute i 
must be drawn between t! 
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this is near the surface, and supported by bone. It is a most 
valuable indication of the condition of the patient's heart and 





Fig. s60--Marey's Sphygmograph, modified by Mahomed. 


vessels. It is necessary in feeling a pulse to note the following 
points :— 
1. Lts frequency ; that is the number of pulse beats per minute. 
This gives the rate of the heart beats, 
2. Its length ; that is how long a time each pulso-beat occupies, 
3. Its strength; whether it is a strong, bounding pulse, or a 














Vig. 261,—Diagrom of the lever of the Sphygmograpih, 


feeble beat ; this indicates the force with which the heart 
is beating. 

4. It repilarity or irregularity ; irregularity may occur owing 
to irregular cardiac action either in force or in rhythm. 

5. Its tension ; that is the force necessary to obliterate it. This 
gives an indication of the state of the arterial walls and 
the peripheral resistance 
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Tn disease there are certain variations in the pulse, of which we 
shall mention only two; namely, the intermittent pulse, due to the 
heart missing a beat every now and then; and the water hammer 
~~ 





Fig. 2¢.—The Sphygmograph applied to tho arm, 


pulse, due either to aortic regurgitation or to a loss of elasticity 
of the arterial walls; either of these circumstances diminishes 
the onward flow of blood during the heart's diastole, and thus 
the suddenness of the impact of the blood on the arterial wall 





Toe: to-—Dudgwn’s otgumogra The dotted outline repreventa the pie of binokene 
during systole is increased. When this condition is due to 
arterial disease, such as atheroma or calcification, this sudden 
pulse combined with the increased brittleness of the arteries 
may lead to rupture of the walls, and this is especially 
serious if it occurs in the arteries of the brain (one cause 


of apoplexy). 
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In order to study the pulse more fully, it is necessary to obtain 
a graphic record of the pulse-beat, and this is accomplished by 
the use of an instrument called the sphygmograph. This 
instrument consists of a series of levers, at one end of which isa 
button placed over the artery; the other end is provided with 
4 writing point to inscribe the magnified record of the arterial 
movement on a travelling surface. 

The instruments most frequently used are those of Marey, one 
of the numerous modifications of which is represented in figures 
260, 261, and 262, and of Dudgeon (fig. 263). 

Each instrument is provided with an arrangement by which 
the pressure can be adjusted 80 a8 to obtain the best record. 
The measurement of the pressure is, however, rough, and both 
instruments have the disadvantage of giving oscillations of 
their own to the sphygmogram; this is specially noticeable 
in Dudgeon’s sphygrmograph. 
But these defects may be over- 
come by the use of some form 
of sphygmometer, (See later, 
p- 295.) It is also important 
to remember that the pad 
or button placed upon the 
artery rests partly on the veniw 
comites, so that not only 
arterial tension, but any tur- 
gidity arising from venous con- 
Pig. 264: ye spre westion, will affect the height 

Saves b,diete;npebiiaiowene.,. eid forma of the sphygmogmaphic 

record. 

Fig. 264 represents a typical sphygmographic tracing obtained 
from the radial artery. It consists of an upstroke due to the 
expansion of the artery, and a downstroke due to its retro 
tion. The descent is more gradual than the upstroke, because 
the elastic recoil acts more constantly and steadily than the 
heart-beat. On the descont are several secondary (katacrotie) 
elevations. 

A is the primary, or percussion wave; C ia the predicrotic, or 
tidal wave ; D is the dierotie wave, and E the post-dicrotie wave, 
and of these there may be several. In some cases there is & 
secondary wave on the upstroke, which is called an anaerotie 
(fig. 265). 

8 various secondary waves have received different inter: 
pretations, but the best way of explaining them is derived 
from information obtained by taking simultaneous tracings of 
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the pulse, aortic pressure, apex beat, and intraventricular 
pressure, as in the researches of Harthle. By this means it 
is found that the primary and pre-dicrotic waves occur during 
the systole of the heart, and the other waves during the 
diastole. The closure of the adrtic valves occurs just before 
the dicrotie wave, The sccondary waves, other than the 
dicrotic wave, are due to the elastic tension of the arteries, 
and are increased in number when the tension of the arteries 
i it; the tauter an elastic substance ia, the more does 
it tend to vibrate under the influence of any fresh force suddenly 
applied to ft. Some of the postdicrotic waves are also doubtless 
instrumental in origin. The dicrotic wave is of different origin. 
Tt was at one time thought that this wave was reflected from 
the periphery, but this view is at once excluded by the fact 
that wherever we take the pulse-tracing, whether from the 
aorta, carotid, radial, dorsalis pedis, or elsewhere, this secondary 
elevation is always situated at the same distance from the 


Puy. 965.—Anacrotio pulse 


beginning of the primary elevation, showing that it is centri- 
fugal, travelling in the same direction os the primary wave, 
and having its origin in the commencement of the arterial 
system. Moreover, a single reflected wave from the periphery 
would be impossible, as the waves reflected from one part would 
be interfered with by those from other parte; and a reflected 
* wave would be increased by high peripheral resistance, and not 
diminished as the dierotic wave is. 
. The primary cause of the dicrotic wave is the closure of the 
semilunar valves; the inflow of the blood into the aorta sud- 
dently ceases, and the blood is driven up against the closed aortic 
doors by the elastic recoil of the aorta; the wave rebounds from 
there and is propagated through the arterial system as the 
dicrotic elevation. 

The systolic secondary waves, namely, the pre-dicrotic and the 
anacrotic when it is present, are due to elastic vibrations of 
the aortic wall and perhaps of the heart wall itself; they are 
increased by an increase in the peripheral resistance. 


a 
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In our study of endo-cardiac pressure, we saw that the systolic 
plateau sometimes has an ascending, sometimes a descending, slope 
(see p. 244); we now come to the explanation of this fact. If 

after the first sudden rise of 

pressure in the sorta the 

peripheral resistance is low 

and the blood can escape more 

rapidly than ibe thrown i 

r 254.—Dierorio the plateau will sink, f, 

Mg brn on the other hand, the peri- 

pheral resistance is high, the aortic pressure will rise as long 

as the blood is flowing in, and we get an ascending systolic 

platean and an anacrotic pulse. Thus an anascrotic pulse is 

seen in Bright's disease, where the peripheral resistance is 
very high. 

The production of the dicrotic wave is favoured by relaxation 
of the arterioles when the heart is beating forcibly as in fever, 
and to a certain extent after taking alcohol. Such a pulse is 
called « dicrotic pulse (fig. 266), and the second beat can be 
easily felt by the finger on the radial artery. 

‘The main waves of a pulse tracing can 
be demonstrated without the use of any instra- 
ments at all by allowing the blood to spurt from 

v ‘4 cut artery on to the surface of a piece of white 
paper travelling past it, We thus obtain what 
J is very appropriately called a ham-antograph 
(fig. 267). 

If a long pulse-tracing is taken, the effect 
of the respiration can be seen causing an in- 
crease of pressure, and a slight acceleration of 
the heart’s beats during inspiration. This we 
shall study at greater length in connection 
with blood-pressure. 


The Rate of Propagation of the Pulse-Wave-—The 






method of ascertaining thix may be fllustrated by 
the use of a long elastic tube into which fluid ts forced 
a) by the suddeh stroke of a pump, If a series of levers 
are placed along the tube at measured distances those 
nearest the pump will rise first, those farthest from it Inst. If theac are 
arranged to write on a revolving ¢ylinder under one another, this will be 
shown graphically, and the time interval between their movements can be 
+5 atimetmcing. The same principle is rs press to the arteries of 
series of Marcy's tambours aro applied to the heart and to 

‘various arteries at known distances from the heart ; then levers are arran, 






ther, ne in fig. 241, The seiner 
by a time tracing in the usual way, 
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The Capillary Flow. 


When the capillary circulation is examined in any transparent 
pat ot & living animal by means of the microscope (fig. 268), 
the blood is seen to flow with a constant equable motion ; the red 
blood-corpuscles moye along, mostly in single file, and bend in 
various ways to accommodate themselves to the tortuous course 
of the capillary, but instantly recover their normal outline on 
reaching a wider vessel. 

At the circumference of the stream in the larger capillaries, but 
especially well marked in the small 
arteries and veins, there is a layer 
of liquor sanguinis in contact with 
the walls of the vessel, and adher- 
ing to them, which moves more 
slowly than the blood in the centre. 
‘The existence of this still layer, 
as it is termed, is inferred both 
from the general fact that such an 
one exists in all tubes traversed by 
fluid, and from what can be seen 
in watching the movements of the 





Fig. 200,—Capiliarice (0) ta the web 


ascles. Anyone who has ‘of the frog’s foot cant 
rowed on a river will know that sal ater (A wih all 


the swiftest current is in the 

middle of the stream. The red corpuscles occupy the middle of 
the stream and move with comparative rapidity; tho colourless 
corpuscles run much more slowly by the walls of the vessel; while 
next to the wall there is a transparent space in which the fluid 
is at comparative rest; for if any of the corpuscles happen to be 
forced within it, they move more slowly than before, rolling lazily 
along the side of the vessel, and often adhering to its wall. Part 
of this slow movement of the colourless corpuscles and their occa- 
sional stoppage may be due to their haying # natural tendency to 
adhere to the walls of the vessels, Sometimes, indeed, when the 
motion of the blood is not strong, many of the white corpuscles 
collect in a capillary vessel and for a time entirely prevent the 
passage of the red corpuscles. 

When the peripheral resistance is greatly diminished by the 
dilatation of the small arteries, so much blood passes on 
from the arteries into the capillaries at each stroke of the 
heart, that there is not sufficient remaining in the arteries to 
distend them. Thus, the intermittent current of the ventricular 

Kr r 
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systole is not converted into a continuous stream by the elasticity 
of the arteries before the capillaries are reached ; and so intermit- 
tenoy of the flow occurs both in capillaries and veins and a pulse 
is produced. The same phenomenon may occur when the arteries 
become rigid from disease, and when the beat of the heart is so 
slow or 0 feeble that the blood at each cardiac systole has time 
to pass on to the capillaries before the next stroke occurs ; the 

amount of blood sent out at each stroke 
e being insufficient to properly distend the 

elastic arteries. 

It was formerly supposed that the occur- 
rence of any transudation from the interior 
of the capillaries into the midst of the sur- 
rounding tissues wax coutined, iu the absence 
of injury, strictly to the fluid part of the 

1 blood; in other words, that the corpuscles 
could not escape from the circulating stream, 
unless the wall of the containing blood-vessel 
was ruptured. Augustus Waller affirmed, in 
1846, that ho had soon blood-corpuscles, both 
red and white, pass bodily through the wall 
of the capillary vessel in which they were 
contained (thus confirming what had been 
stated « short time previonsly by Addison) ; 

ato, —A large capii- and that, as no opening could be seen before 
ee re ina their escape, so none could be observed after- 
iter iritabion “had wards—so rapidly was the part healed. But 
emigration of leaco- these observations did not attract much notice 
Ge Gaversing the Until the phenomena of escape of the blood- 
capilary wall}, some corpuscles from the capillaries and minute 
Prey.) veins, apart from mechanical injury, were 

rediscovered by Cohnheim in 1867. 

Cohnheim's experiment, demonstrating the passage of the cor- 
puscles through the wall of the blood-vessel, is performed in the 
following manner: A frog is curarized, and the abdomen having 
been opened a portion of small intestine is drawn ont, and its 

transparent nwsentery spread out under a microscope. After a 

variable time, occupied by dilatation, following contruction of the 
minute vessels and accompanying quickening of the blood-stream, 
there ensues a retardation of the current, and blood-corpuseles, 
both red and white, begin to make their way through the 
capillaries and small veins 

The process of diapedesis of the red corpuscles, which occurs 
under cirous ss of impeded venous circulation, and con- 
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sequently increased blood-pressure, resembles closely the migration 
of the white ones, with the exception that they are squeezed 
through the wall of the vessel, and do not, like them, work their 
way through by ame@boid movement. 

Various explanations of these phenomena have been sug- 


ted. 

Some believe that psoudo-stomata between contiguous endothe- 
lial cells provide the means of sscupe for the bloud-corpuscles. 
But the chief share in the process ix to be found in the vital 
cudowments with respect to mobility and contraction of the 
parts concerned—both of the corpuscles and of the capillary wall 
itself, 

Di or emigration of the white corpuscles occurs to 
aan extent in health. But it is much increased in inflammation, 
and may go on so as to form a large collection of leucocytes (i.e. 
white corpuscles) outside the vessels. Such a collection is called 
an adecess, and the corpuscles are called pus corpuscles; they are, 
however, mostly dead leucocytes, and show a considerable amount 
of fatty degeneration in their protoplasm. 

‘The emigration of red corpuscles is ouly seen in inflammation 
aud is a passive process; it occurs when the holes made by the 
emigrating leucocytes do not close up immediately and #0 the red 
corpuscles escape too, 

‘The real meaning of the process of inflammation is a subject 
which is being much discussed now, but it may be interesting to 
state briefly the views of Metschnikoff, who has in recent years 
been one of the most prominent investigators of the subject. 
Even if these views do not represent the whole truth, it can 
hardly be doubted that the phenomena described play a very 
important part in the process, Metsachnikoff teaches that the 
vascular phenomena of inflammation have for their object an 
increase in the emigration of leucocytes, which have the power of 
devouring the irritant substance, and removing the tissues killed 
by the lesion. They are therefore called phagocytes (devouring 
or scavenging corpuscles). It may be that the microbic influence, 
or the influence of the chemical poisons they produce, is too 
powerful for the leucocytes; then they are destroyed and the 
dead leucocytes become pus corpuscles ; but if the leucocytes are 
successful in destroying the foreign body, micro-organisms, and 
disintegrated tissues, they disappear, wandering back to the blood- 
vessels, and the lost tissue is replaced by a regeneration of the 
surrounding tissues, 

‘The circulation through the capillaries wust, of necessity, be 
largely influenced by that which occurs in the vessels on either 
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side of them in the arteries or the veins; their intermediate 
position causes them to feel at once any alteration in the size, 
rate, or pressure of the arterial or yenous blood-stream. Thus, the 
apparent contraction of the capillaries, on the application of certain 
irritating substances, and during fear, and their dilatation in blush- 
ing, may be referred primarily to the action of the small arteries, 





The Venous Flow. 


The blood-current in the veins is maintained (a) primarily by 
the wis a tergo, that is, the force behind, which is the blood 
pressure transmitted from the heart and arteries; but very 
effectual assistance to the flow is afforded (b) by the action of the 
muscles capable of pressing on the veins with valves, as well as 
(c) by the suction action of the heart, and the aspiratory action 
of the thorax (vis a fronte). 

The effect of muscular pressure upon the circulation may be 
thus explained. When pressure is applied to any part of a yein 
and the current of blood in it is obstructed, the portion behind 
the seat of pressure becomes swollen and distended as far back 
aa the next pair of valves, which are in consequence closcd 
(fig. 221, », p. 218). Thus, whatever force is exercised by the 
pressure of the muscles on the veins, is distributed partly in press- 
ing the blood onwards in the proper course of the circulation, and 
partly in pressing it backwards and closing the valves behind. 

The cireulation might lose as much as it gains by such an 
action, if it were not for the numerous communications which 
the veins make with one another ; through these, the closing up 
of the venous channel by the backward pressure is prevented 
from being any serious hindrance to the circulation, since the 
blood, of which the onward course is arrested by the closed 
valves, can at once pass through some anastomosing channel, and 
proceed on its way by another vein. Thus, the effect of muscular 
pressure upon veins which have valves, is turned almost entirely 
to the advantage of the circulation; the pressure of the blood 
onwards is all advantageous, and the pressure of the blood back- 
wards is prevented from being a hindrance by the closure of the 
valves and the anastomoses of the veins. 

In the web of the bat’s wing, the veins are furnished with 
valves, and possess the remarkable property of rhythmical con- 
traction and dilatation, wher the current of blood within 
them is distinctly accelerated (Wharton Jones). The contraction 
occurs, on ap average, about ten times in a minute ; the existence 
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=) Aen geen alt effect of the con- 
auxiliary to the onward current of blood. Analogous 
c have been observed in other animals, 
) pulse is observed under the conditions previously 
described (p. 274) when the arterioles are dilaged eo’ that the 
passes through the capillaries to the veins. 
A venous pulse is also seen in the superior and inferior vena 
cava near to their entrance into the heart; this ls to 
variations of the pressure in the right auricle, When the 
ventricle is contracting there is a slow rise due to the fact that 
the blood cannot get into the ventricle and so distends the 
5 & second short sharp elevation of pressure is produced by 
systole. Alterations of venous pressure are also 
the great veins by the respiratory movements, the 
ing during inspiration, and rising during expiration. 










eS tag 


The moat remarkable peculiarities attending the circulation of 
blood through different organs are observed in the cases of the 
brain, erectile organs, lungs, liver, spleen, and kidneys. 

In the ‘Brain The brain must always be supplied with blood, 
for otherwise immodiate loss of consciousness would follow. 
Hence, to render accidental obliteration almost impossible, four 
large arteries are supplied to the brain, and these anastomose 
together in the circle of Willis. The two vertebral arteries are, 
moreover, protected in bony canals. ‘Two of the brain arteries 
can be tied in monkeys, and three or even all four in dogs 
without the production of scrious symptoms. In the last case 
enough blood reaches the brain by branches from the superior 
intercostal arteries to the anterior spinal artery. The sudden 
obliteration of one carotid artery in man may in some cases 
produce epileptiform spasms; the sudden occlusion of both 
occasions loss of consciousness. Uniformity of supply is further 
ensured by the arrangement of the vessels in the pia mater, in 
which, previous to their distribution to the substance of the 
brain, the large arteries break up and divide into innumerable 
minute branches ending in capillaries, which, after frequent 
communication with one another, eter the brain and carry into 
patty every part of it uniform and equable streams of blood. 

The arteries are enveloped in a special lymphatic sheath. The 
arrangement of the veins within the cranium is also peculiar, 
‘The large venous trunks or sinuses are formed so as to be scarcely 


—_— 
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capable of change of size; and composed, as they are, of the 
tough tiene of the dura mater, and, in some instances, bounded 
on one side by the bony cranium, they are not compressible by 
any force which the fulnons of the arteries might exercise through 
the substance of the brain; mor do they admit of distension when 
the flow of venous blood from the brain is obstructed. No valves 
aro placed between the vertebral veins and the vena cava; the 
vertebral veins anastomose with the cerebral sinuses. Hence on 
aqueczing the thorax and abdomen, venous blood can be pressed 
from those parts out of any opening made into the longitudinal 
sinus, Expiration acts in the same way; it raises the cerebral 
venous pressure; if the skull wall is defective the brain 

owing to the distension of its capillaries during the expiratory act. 
‘The exposed brain also expands with each systole of the heart. 
Owing to the fact that the brain lies enclosed in the cranium, 
the arterial pulse is transmitted through the brain substance to 
the cerebral veins and so the blood issues from these in pulses. 

Since the brain is enclosed in the rigid cranium the volume of 
blood in the cerebral vessels cannot alter unless the volume of 
the other cranial contents alter in the opposite sense. 

These conditions of the brain and skull led Mouro and Kellie 
many years ago to advance the opinion that the quantity of blood 
in the brain must be the same at all times, This doctrine has 
been frequently disputed, and many have advanced the theory 
that increase or diminution of the blood is accompanied with 
simultaneous diminution or increase of the cerebro-spinal fluid, 
#0 that the contents of the cranium are kept uniform in volume. 
But the recent work of Leonard Hill* has shown that the Monro- 
Kollie doctrine is true. Histological evidence has recently been 
obtained of the existence of nerve plexuses round the pial arteries. 
The arteries are muscular, and the nerves therefore are most 
probably vaso-motor in function. Experimental evidence so far, 
however, has not established the action of these nerves; the 
cerebral circulation passively follows the slightest changes in 
aortic and, more especially, vena cava pressure, and no active 
vaso-motor change has been conclusively proved. The velocity 
of blood-flow through the brain is thus influenced markedly by 
tho condition of the vessels of the splanchnie area. If the tone 
of the skeletal muscles and that of the vessels be suddenly 
inhibited by fear, or temporarily destroyed by shock, the blood 
will drop ing: to its weight into the dilated and supported 


to Mr, Hill for assistance in the preparation of 
cerebral circalation. 
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vessels in the most dependent parts of the body. The flow of 
blood through the brain will, under these conditions, cease, that © 
is to say, 80 long as the body is in the erect posture. Thus, 
to a fainting person the head must be lowered between 
the knees. Muscular exercise, by returning blood to the heart 
from the veins of the lower parts of the body, conduces to the 
maintenance of an efficient cerebral circulation, 

It is not the volume of the blood but the velocity of flow 
which is altered in the brain by changes in the general ciren- 
lation, The brain with its circulating blood almost entirely fills 
the cranial cavity in the living animal ; that is, there is no more 
coxesespinel fluid there than is sufficient to moisten the mem- 

Cerebrospinal fluid escapes into the veins at any 

above the cerebral venous pressure ; the tension of this 
Auid and the pressure in the veins are therefore always the same, 
The fluid probably transudes from the vascular fringes of the 
choroid plexuses in the ventricles of the brain, and is absorbed 
by the pial veins. There is not enough of this absorbable fluid 
present to allow of more than a slight increase of the volume 
of blood in the brain, If the aortic pressure rises and the vena 
cava pressure remains constant the conditions in the brain are ax 





More blood in the arteries, less in the veins, increased yelocity 
of flow, 

While if the aortic pressure remains constant and the vena caya 

rises, the conditions are :— 

Less blood in the arteries, more in the veina, diminished 
velocity of flow. 

The brain presses against the cranial wall with a pressure 
equal to that in the cerebral capillaries, A foreign body intro- 
duced within the cranium, such as a blood-clot or depressed bone, 
produces local anmmia of the brain, by occupying the room of the 
blood. So soon as the capillaries are thus obliterated the pressure is 
raised to arterial pressure, This local increase of cerebral tension 
cannot be transmitted by the cerebro-spinal fluid, because this 
fluid can never be retained in the meningeal spaces at a tension 
higher than that of the cerebral veins, but is immediately 
reabsorbed. The anatomical arrangements of the tentorium 
cerebelli and the falciform ligaments are such as to largely 
prevent the transmission through the brain-substance of a local 
increase of pressure. There is complete pressure discontinuity 
between the cranial and vertebral cavities. The serious results 
that follow cerebral compression are primarily due to obliteration 
of the blood-ressels, and consequent anamia of the brain. A very 
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small foreign body will, if situated in the region of the spinal 
bulb, produce the gravest symptoms. For the centres which 
control the vascular and respiratory systems are rendered ansemic 
thereby. The cerebral hemispheres may, on the other hand, be 
compressed to a large extent without cansing a fatal result. The 
major syraptoms of compression arise so soon as any local increase 
of pressure is transmitted to the spinal bulb and causes anemia 
there. 

In Erectile Structures. —The instances of greatest variation in 
the quantity of blood contained, at different times, in the same 
organs, are found in certain structures which, under ordinary 
circumstances, are soft and flaccid, but, at certain times, receive an 
unusually large quantity of blood, become distended and swollen 
by it, and pass into the state which has been termed erection. 
Such structures are the corora cavernosa and i 
of the penis in the male, and the clitoris in the female; and, to 
4 less degree, the nipple of the mammary gland in both sexes. 
The corpus cavernosum penis, which is the best example of an 
erectile structure, has an external fibrous membrane or sheath ; 
and from the inner surface of the latter are prolonged numerous 
fine lamellse which divide its cavity into small compartments. 
Within these is situated the plexus of veins upon which the 
peculiar erectile property of the organ mainly depends. It con- 
sists of short veins which very closely interlace and anastomose 
with each other in all directions, and admit of great variations 
of size, collapsing in the passive state of the organ, but capable of 
&n amount of dilatation which exceeds beyond comparison that of 
the arteries and veins which convey the blood to and from them. 
The strong fibrous tissue lying in the intervals of the venous 
plexuses, and the external fibrous membrane or sheath with which 
it is connected, limit the distension of the vessels, and during the 
state of erection, give to the penis its condition of tension and 
firmness, The same general condition of vessels exists in the 
corpus spongiosum urethra, but around the urethra the fibrous 
tissue is mach weaker than around the body of the penis, and 
around the glans there is none, The venous blood is returned 
from the plexuses by comparatively amall veins. For all these 
veins one condition is the same; namely, that they are liable to 
the pressure of muscles when they leave the penis. The muscles 
chiefly concerned in this action are the erector penis and accelerator 
urine, Erection results from the distension of the venous plexuses 
with blood. he principal exciting cause in the erection of the 
penis is nervous irritation, originating in the part itself, and derived 
reflexly from the brain and spinal cord. The nervous influence 
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is communicated to the penis by the pudic nerves, which ramify 
in its vascular tissue; and after their division the penis is no 
longer capable of erection. 

Erection is not complete, nor maintained for any time except 
when, together with the influx of blood, the muscles mentioned 
contract, and by compressing the veins, stop the efflux of blood, 
or prevent it from being as great as the influx, 

The circulation in the Lungs, Liver, Spleen and Kidneys will be 
described in our study of those organs. 


Blood-pressure. 


The circulation of the blood depends on the existence of 

different degrees of pressure in different parts of the circulatory 

; there is a diminution of pressure from the heart onwards 
arteries, capillaries, and veins, back to the heart again. 


7 ry é Vv \s 
RA 


- 27 Hleight of bi in wy, loft ventricle, 4, arteries ; 0, capillaries; 
Mie. arsed 0a, gl naticle\ Oo, line Sto premure: (Aitar Baaing 


Fig. 270 representa roughly the fall of pressure along the 
systemic vascular system. 

Tt falls slowly in the great arteries; at the end of the arterial 
system ft falls suddenly and extensively just beyond the resistance 
of the arterioles ; it again falls gradually through the capillaries 
and veins till in the large veins near the heart it is negative. 
Such a diagram of blood-pressure is thus very different from one 
of velocity ; the velocity like the pressure falls from the arteries 
to the capillaries, but unlike it, rises again in the veins. 

We must now study the methods by which blood-pressure ix 
measured and recorded, and the main causes that produce varia 
tions in its amount. 

In order to do this in the simplest way, it will be first neces. 
sary to inquire how we may measure pressure in an artificial 
schema of the circulation. 

Take the simplest possible case of a fluid flowing from a 


open at the other a 
Ee eee eet 0 

tubes (A, B, and D) are inserted at equal distances, — 

Band D there is a bladder, which may be divided into a 

of channels by packing it with tow to represent the espillaries, and 

between Band C, a clip E, which can be High tea mleniocesnel 8 

will, and which will roughly represent the peripheral resistance 

produced by the coustrieted arterioles... The far end of the tube is 

provided with a stop-cock. If this stop-cock is closed there will 

naturally be no flow of fluid, and the fluid will rise to equal heights 

indicated by the dotted line in all the upright tubes. This shows 





Vig. 271,—Schema to illustrate blood-pressure, 


that the pressure in all parts of the tube is the same. The upright 
tubes which measure the lateral pressure exerted by the fluid on the 
wall of the main tube are called manometers or pressure mensurert 
The lateral pressure of a fluid is equal to the forward pressure, 
If now the stop-cock is opened, the fluid flows on account of 
the difference of pressure brought about by gravitation ; the 
height of the fluid in the manometers indicates that the pressure 
is greatest in R, loss in A, Jess still in B, and least of all in D, 
On account of the peripheral resistance of the arterioles and 
capillaries, the pressure is very small in the veing as indicated by 
the height of the fluid in the manometer D, The difference 
between D and B is much more marked than the difference 
between Band A. If the fluid which dows out of the end of the 
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tube is collected ina jug and poured back into R we complete 
the circulation, But the schema is an extremely rough one, and 
is especially faulty in that the pressure which starts at K is nearly 
constant and not intermittent. This may be remedied by taking 
R in the band, and raising and lowering it alternately. The fluid 
in the manometers bobs up and down with every rise and fall of 
It; this is least marked in D, The greater and the faster the 
movement of R, the greater is the rise of arterial pressure. This 
is a rongh illustration of the fact that increase in the force and 
froqueney of the heart's beat causes a rise of arterial pressure, 
Again, if more fluid is poured into R, there is a corresponding 








Pig, o72.—Schema of the etroulation 


rise in fluid in the manometers, This illustrates the rise of preasure 
produced by an increase in the contents of the vascular system. 

And this schema, rough though it is, also serves to illustrate 
the third important factor in the maintenance of the blood- 
pressure, namely, the peripheral resistance. ‘This is donc by 
means of the clip E; if the clip is tightened, one imitates increused 
constriction of the arterioles ; if it is loosened, one imitates dilata- 
tion of the arterioles. If it is closed entirely, the fluid in A and 
B rises to the same level as that in R; the pressure of R is not 
felt at all by C and D, which empty themselves, and the flow 
ceases. If the clip E is only tightened so as not to be quite 
closed, the arterial pressure (in A and B) rises, and the venous 
pressure (in D) falls; if the clip is freely opened, the arterial 
pressure falls, and the venous pressure rises, 

‘These sare facts can be demonstrated by a more perfect circula- 
tion schema such as is represented in fig. 272. 

The heart (H) is represerited by a Higginson's syringe, which is 
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worked with the hand; the tue fo ropes the 
system, the olip E the resistance of the arterioles 5 
capillary lake, from which the vein (larger than the a 
bwek to the heart H. A and B are two mat 
reapectively indicate arterial and venous 





ercury, 
artery or vein by a tube containing fluid, os the 
two limbs of the U is at the same level, the pressure fluid 
in_conneetion with one limb ia exudly “onl to Cab exert, 


! in 









Pig. 27\.—Anderson Stuart's Sphyymoscops, 


the atmospheric pressure on the other. The mercury, however, 
is pushed up in the far limb of the manometer connected to the 
artery, the pressure there being greater than that of the atmo- 
aphere; this is therefore called positive pressure, and the total 
amount of pressure, usually measured in millimetres, is the 
difference between the levels aand a‘. The manometer B attached 
to the vein, however, indicates a negative pressure (6 0), that is, 
a pressure less than that of the atmosphere, so that the mercury 
in the limb nearest the vein is sucked up, 

Anderson Stuart's sphygmoscope (fig. 273) is a much more 
complete schema, It consists of a long leaden tube filled with 









o ends of which are connected by an india-rubber 
eo OD @ valved syringe to represent the heart. On 
the course of the tube are a large number of open-mouthed 
t manometers which indicate the pressure when the syringe 

0 confer on the tube the olastivity necessary to cause 

¢ disappearance of the pulse i 


y 

pass on to the methods adopted in the investiga 
in animals. 
__The fat thal the hlod exerts considerable prarareon the arterial 

pagent Loch readily shown by puncturing any artery; the blood 

with great force through the opening, and the jet rises 

ton caste height ; in the case of a small artery, where the 
pressure is lower, the jet is not so high as in 
jerky character of the outflow due to the intermittent action oe the 
heart isalsoseen. Ifa vein is similarly injured, the blood is expelled 
with much less foree and the flow is continuous, not intermittent. 

‘The first to make an advance on this very rough method of 
demonstrating blood-pressure was the Rey. Stephen Hales, Vicar 
of Toddington (1727). He inserted, using a gooso-quill as a 
cannula, a glass tube at right angles to the femoral artery of a 
horse, and noted the boight to which the blood rose in it. This 
is a method like that which we used in the first schema described 
(fig. 271). The blood rose to the height of about 8 feet, and having 
reached its highest point, it oscillated with the heart-beats, and 
also with the rospiration; each inspiration causing a rise, each 
expiration a fall of pressure; each cardiac systole causing 
smaller rise, each diastole a smaller fall. The method taught 
Hales these primary truths in connection with arterial pressure, 
but it possesses many disadvantages ; in the first place the blood 
in the glass tube very soon clots, and in the second place, 
a column of liquid eight feet high is an inconvenient one to 
work with. 

The first of these disadvantages was overcome to a great extent 

by Vierordt, who attached a tube filled with saturated solution of 
sodium carbonate to the artery, and the blood-pressure was 
measured by the height of the column of this saline solution 
which the blood would support. 
The second disadvantage was overcome by Poiseuille, who 
introduced the heavy liquid, mercury, as the substance on which 
the blood exerted its pressure; and the U-shaped mercurial 
manometer was connected to the artery by a tube filled with 
sodium carbonate solution to delay clotting, 
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dynamometer was combined with | eae 
record of the oscillations of the mercury. The name Aymograph 
or wave-rwriter we shall see immediately is a very suitable one. 

‘A skeleton sketch of the apparatus is given 

‘The artery is exposed and clamped, so that no 
occurs ; it is then opened and a glass cannula is inserted and firmly 
tied in. The form of cannula usually employed (Francois Franck’) — 
is shown on a larger scale at A; the narrow part with the neck in 


Fig. 274.—Diagram of merourial kymograph, 


it is tied into the artery towards the heart; the cross piece of the 
'T ix united to the manometer ; the third limb is provided with a 
short piece of india-rubber tubing which is kept closed: by « clip 
and only opened on emergencies, such ax to clear out a clot with 
a feather should one form in the cannula during the progress of an 
experiment. 

The tube by means of which the cannula is united to the 
manometer is not an elastic one, but is made of flexible metal, so 
that none of the arterial force may be wasted in expanding it. 
The tube, cannula and proximal limb of the manometer are 
all filled with a saturated solution of sddium carbonate, sodium 
sulphate, or other salt which will mix with blood and delay its 
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is removed from the artery, the pressure 


by 

same saline solution suspended at a good height above the 
tus and connected to it by a tube), so that the mercury 
rises iv the distal limb to a height greater than that of the 
anticipated blood-pressure ; this prevents blood passing into the 

cannula when the arterial clip is removed. 
Tn the distal limb of the U-tube, floating on the surface of the 
mercury, is an ivory float, from which a long steel wire extends 








Pg. 273 —The of Kymogrph. At te also shown in fy. 926, 0, cy #. 
po aria etme er re 
cated to raeeeey by eacune Sf Heeile octal te fled with Buide” 

upwards, and terminates in a writing point. The writing point 
may be a stiff piece of parchment or a bristle which writes on a 
moving surface covered with smoked paper, or a small brush 
kept full of ink which writes on a long strip of white paper 
made to travel by clockwork in front of it. When the two limbs 
of the mercury are at rest, the writing point inseribes a base line or 
abscissa on the travelling surface ; when the pressure is got up by 
the syringe it writes a line ut a higher level. When the arterial 
clip is removed it writes waves ax shown in the dingram (fig. 274), 
the large waves corresponding to respiration (the rise of pressure 
in most animals accompanying inspiration),* the smaller ones to the 

. tion of the respiratory curves on the tracing p01 

till mes studied Reaplation, f racing a petnones 
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individual heart-beats. The blood-pressure is really twice as great 
as that indicated by the height of the tracing above the abscisss, 
because if the manometer is of equal bore throughout, the mercury 
falls in one limb the same distance that it rises in the other; 
the true pressure is the difference of level between a and a’ 
(fig. 27.4). 

Fig. 275 shows a more complete view of the manometer, and 





Vig. 276—Dingram of mercurial kymo} A, revolving elinder, worked by & lock 
work arrans patained in the bux (ni, the apeed bela regulated by m fun above 
the box; th in eupported by an upright (3), and ts capable of Being raised or 
lowered ‘by a bya handle attached to it; p, c &, Tepressnt the morcuraal 
manometer, which is shown ona larger scale in fg, #75 











fig. 276 ix a dingr 





mof the arrangement by means of which it is 
made into a kymograph 

Fig. 277 shows a typical normal arterial blood-pressure tracing 
on a larger scale. 

Tn taking a tracing of venous blood-preseure, the prossure is 
so low and corresponds to so few millimetres of mercury, that a 


ine solution is usually employed instead of mercury. If the 
vein which is investig 











ted is near the heart, a venous pulse 
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is oxhibited on the tracing, with small waves as before corre- 
sponding to heurt-beats, and larger waves to respiration, only 


= Formal tmeing, somewhat mgnitet of area prewury in the rabbit obtained 
ek jona correspond with the 
Tossh te leer earvea Sts Wee vephstery mioresianta Thardox condoms) 
the respiratory rise in pressure now accompanies expiration 


(see p. 277). 4 
The capillary presture is estimated by the amount of pressure 





~  Big.278—A form of Pick's Spring Kymograph, a, tube to be connected with artery ; 
‘bollow ‘movernent of wiilch moyee &, the writing lovur ; «, screw to regvinte 
eight of 3; d, outside protective spring ; 7, screw to x on the upright of the support. 


necessary to blanch the skin; this has been done in animals and 
men (¥, Kries, Roy and Brown). 

Other manometers are often employed instead of the mercurial 
one, Fick's is one of these. The blood-vessel is connected as before 
nr u 
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with the manometer, and the pressure 


perk is seen in ig. 2709) aed 
manometer itself 


filled. with liguid;, this opens. with. 
decrease of pressure, and the ee ower spring are 
oomaniatod a ater jovial sf ea 


de Biok"s Ki iprowed McKendrick). hollow spring: 
Hie. 2 led with tisk Eafe range rig which attached. the saarker 


to 
#; th ywards into the tube /, oontaintn, ‘which offers 
ite pe onllistioas ofa) fr for ‘the crib kvlh stat 
oul ‘of sodium solut srutficinnt ‘as to provent the blood: 
pe tee is ‘abecisaa- 
y 


ihe whole apparstus to the urface; oy erew for Sevaling ot 
ec te hos Saag Hiya rark-and-pinion movement ;n;eorvw for adjusting the 


Hiirthle's manometer (see p. 243) is also very much used. The 
advantage of these forms of manometer is that the character of 
each individual movement is much better seen; in the case of a 
heavy liquid like mercury the inertia is so great that it cannot 
eatch the finer movements which we have seen as secondary 
vibrations on the pulse wave, If Fick's or Hurthle’s manometer 
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is omployed, and the surface travels sufficiently fast, these can he 
recorded (see fig. 280). 

We may now proceed to give some results. The following 
table gives the probable average height of blood-pressure in 


 2So.—Nommal arterial obtained with Pick’s K; dog. 
Me. bast yous ‘ymnograph in the deg. 


various parts of the vascular systena in man. They have been 
very largely inferred from experiments on animals ;— 


Lange arterics (eg. carotid) , {+ 142 mm. (about 6 inches) 


i mereury. 
Medium arteries (¢g. radial) . ++ 11o mm. mercury. 
Cupillaries « . »# 15 to-+ 20 ,, ” 
‘Small veins of arm . + On ” 
Portal vein « . . : + to ” 
Inferior vena cava . . 30 ” 
Large veins of neck fomoto— 8 ,, 


(Starling.) 


These prossuros are, however, subject to considernble varia- 
tions; the principal factors that cause variation are the 
following :— 

Increase of arterial blood-pressure is produced by 

1, Increase in the rate and power of the heart-beat. 

2. Increase in the quantity of blood (plethora, after a meal, 

after transfusion). 

3. Increase in the contraction of the arterioles. 

Decrease in the arterial blood-pressure is produced by 

1. Decrease in the rate and force of the heart-beat. 

2, Decrease in the quantity of blood (e.g. after hemorrhage). 

3. Decrease in the contraction of the arterioles. 

‘The above is true for general arterial pressure ; but if we are 
investigating local arterial pressure in any organ, the increase or 
decrease in the size of the arterioles of other areas may make its 
offect felt in the special area under investigation, 

Venous pressure varies in the opposite way to arterial pressure, 
in so far as the first and third factors are concerned. Like 

v2 
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arterial pressure it is increased by plethora, diminished by anmmia, 
It is increased by a decrease in the rate and force of the heart, and 
by a dilatation of the arterioles. It is diminished by the opposites. 

It is quite easy to understand how this is; when the heart 
beats with increased force, it naturally raises the pressure in 
the arteries; but an increase during systole in the force of 
propulsion into the arteries means an increase also during dia- 
stole in the force of suction upon the venous blood, that is, a 
reduction of the pressure there; it becomes more negative than 
it usnally is, 





Pig. 261.—Effect of weak atimulation of the peripheral end of vayus on arterial blood- 
prea ure (carotid of rabbit). nr, blood-preeure ; a, abselasé or base tine; +, time in 
secon \s. Note fall of blood-pressure and alow henrt-beate, 





With regard to the arterioles, contraction in the art 
means @ rise in pressure in the arteries, just as narrowing 
doors of a theatre during the exit of the audience will increase 
the pressure behind the doors ; but a contraction of the arterioles 
causes a fall in pressure in the capillaries and veins beyond 
them, just as the narrowing of the theatre doors will lesen 
estion in the street outside of them. 
lary pressure is increased by 
jatation of the arterioles; the blood-pressure of the large 
arteries is then more readily propagated into them. 

2, The size of the arterioles remaining the same, increase of 
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pressure. 

3 narrowing the veins leading from the capillary area ; 
complete closure of the veing may quadruple the capillary pressure. 
‘This leads secondarily to an increased formation of lymph (dropay); 
ss when a tumour presses on the veins coming from the legs. 

4. Any circumstance that leads to increased pressure in the 
veins will act similarly; this is illustrated by the effects pro- 
duced by gravity on the circulation, as in alterations of posture. 

‘apillary ‘is decreased by the opposite conditions. 
‘the circulation.—The main effect of gravity 
‘filled i peony macel aokiely ut is placed 
‘ ly with its logs 
Mio Wl wll gc the beat, od tha blo 








¢ tail and lower part of the ays the animal 
pump,” such is a mammal possesses, to over- 
gravity. If, however, the animal, still with its 


r ‘outside its body enables it to overcome the hydro- 
statlo effect of gravitation, and the heart-cavities once more fill 
with blood during every diastole, Another experiment, originally 
prreeret Salathe, can be demonstrated on « “hutch” rabbit. 

if the animal is held by the ears with its legs hanging down, it 
soon becomes unconscious, and if left in that position for about 
half an hour it will die. This due to anwmia of the brain; the 
blood accumulates in the very pendulous abdomen which such 
domesticated animals acquire, and the vaso-motor mechanism of 
the splanchnic area is deficient in tone, and cannot be sot into 
such vigorous action as is necessary to overcome the bad effects 
of gravity. Consciousness is, however, soon restored if the 
animal is placed in a horizontal position, or if while it is still 
hanging vertically the abdomen is squeezed or bandaged. A 
wild rabbit, on the other hand, suffers no inconvenience from a 
vertical position ; it is 4 more healthy auimal in every respect : 
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its abdomen ix not pendulous, and its vasomotor power is intact, 
(Leonard Hill.) 

The pressure in the Pulmonary Circulation is roughly about one 
third of what it is in the systemic vessels. 

The influence of the Cardiac Vagus ou blood-pressure. The 
importance of the heart's action in the maintenance of Wood. 
pressure is well shown by the effect that stimulation of the vagus 
nerve has on the blood-pressure-curve. If the vagus of au 


BL 








f strong stimulation of pheral ond of vagus on arterial Hon! 

bit}, Note stoppage of heart and fall of blood-pressure neatly 
unmencement of the heart, the blood-prewure rises, a in Hy 77 
a short time, 














animal is exposed and cut through, and the peripheral ond 
stimulated, the result is that the heart is slowed or stopped 
the arterial blood-pressure falls simultaneously ; the fall being 
especially sudden and great: if the heart is completely stopped. 
There is a rise in venous pressure. The offect on arterial pressure 
is shown in the two accompanying tracings ; fig 











81 representing 
the effect of partial, and fig, 282 of complete stoppage of the 
heart ; in both cases the animal used was a rabbit, and the artery 
the carotid 

The effects of stimulating the central end of the vagus and 
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other nerves cannot be understood until we have studied the 
vaso-motor nervous system, to the consideration of which we shall 
immediately: pass. 


‘Moasuroment of Blood-pressure in Man. 
The measurement of the blood-pressure in the human subject 


cannot obviously be offected by the apparatus employed on 
and numerous instruments have been invented for the 
which be applied to the vessels without any dis- 
n the simplest of these aphygmometers, as they 
has been introduced by Hill and Barnard, and 1 
d ‘Mr. L. Hill for the following 

their methods and results. 
nent consists of a vertical glass tubo 
in length, which expands above 
b, and is closed at the top by a 
















ber bag is fixed to the tube 
urrounded by a metal cup, attached 
that only the base of the bag is 
he bag is filled with coloured fluid. On 
nent down over the redial or 

fluid rises in the tube and com- 

ir in the bulb; the air acts as an 

g- The more one presses the more the rig. ay 
ata certain height the meniscus of the hy), aruara’s 
ts more pulsation than it does at any 

other height (mamimal pulsation). The tube is empirically 
graduated in divisions that correspond to millimetres of mercury 
pressure. The point of maximal pulsation gives the arterial 
pressure, Before each observation the tap is opened, and by 
gentle re on the bag the fluid is sct at the zero mark on 
the matics errors due to changes in barometric pressure or 
temperature are avoided. 

We now come to the explanation «hy the maximal pulsation 
gives us a reading of arterial pressure. If the mean pressure 
inside and outside an artery be made equal, then the wall of the 
‘vessel is able to vibrate at each pulse with the greatest freedom. 
‘The mean pressure is less than the systolic, but greater than the 
diastolic pressure; thus during the heart's systole the artery is 

out to its fullest extent, while during the heart's diastole 
its lumen is obliterated ; hence the vessel wall swings with the 
greatest amplitude. If the pressure exerted by the sphygmometer 
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is loss than the mean arterial pressure, the artery will not bo 
compressed to its utmost during diastole ; if, on the other hand, 
the pressure exerted is greater than the mean, the artery will not 
fully expand during systole. In either cuse, the pulsation will not 
he #0 great as when the pressure exerted on the outside of the 
artery equals the mean pressure within. 

By recording the arterial pressure in the dog with # mercury 
manometer, and at the sume time taking readings with the 
sphygmometer, the instrument has been proved to give accurate 
results. 

‘The normal pressure in the ridial artery of healthy young adults 
is 110 to r2omm, Hg. It appears to be as constant as the body 
temperature. In the recumbent posture the prossure is slightly 
lower than in the erect position, ‘This relation is reversed in con- 
ditions of exhaustion. During muscular exertion the pressure 
is raised, while in the subsequent period of rest it is subnormal 
Mental work raises the pressure; during rest and sleep it is 
lowered. The taking of food produces no noteworthy effect. 
In disease there are naturally variations in different directions, 
and the study of these has already yielded valuable results. 

With this instrument the venous pressure can also be obtained 
in the maunor suggested by Dr. George Oliver. On the back of 
the hand or arm a vein is chosen free from anastomoses, and the 
sphygmometer is pressed upon the peripheral end of this The 
vein is then emptied centrally—i., towards the heart—by the 
pressure of the finger. Next the pressure in the sphygmometer 
is gradually relaxed, and the exact height noted at whieh the vein 
refills with blood. 

Since the flow of blood through the capillaries is maintained 
by the difference in pressure between the artery and vein, we can, 
by obtaining readings both of the arterial and of the venous 
pressures, estimate the comparative efficiency of the capillary 
circulation in man under varying conditions. 


The Vaso-motor Nervous System. 


‘The vaso-motor nervous system consists of the vaso-motor centre 
situated in the bulb, of certain subsidiary vaso-motor centres in 
the spinal cord, and of vaso-motor nerves, which are of two kinds 
—(a) those the stimulation of which causes constriction of the 
vessels; these are called vaso-constrictor nerves; (b) those the 
stimulation of which causes dilatation of the vessels; these are 
called vaso-dilatator nerves. 

The following names are associated with the history of the 
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subject. The muscular structure of arteries was first described 
by Henle in 1841; in 1852 Brown Séquard made a study of the 
yaso-constrictor, or, a8 he termed them, tonic nerves. The vaso- 
motor centre was discovered by Schiff (1855), and more accurately 
localised by Ludwig (1871). The dilatator nerves were also 
discovered by Schiff; at first they were termed paretic nerves. 
Other names which must be mentioned in connection with the 
subject ure those of Claude Bernard, Heidenhain, and in more 
recent years, Gaskell, Langley, and Ramon y Cajal. 

‘The nerves supply the muscular tissue in the walls of the blood- 
vessels and regulate their calibre, but exert their most important 
action in the vessels which contain relatively the greatest amount 
of inuscular tixsne, namely, the small arteries or arterioles. 

Under ordinary cireumstances, the arterioles are maintained in 
& state of moderate or tonic contraction, and this constitutes the 
peripheral resistance, the use of which is to keep up the arterial 
pressure, which must be high in order to force the blood in a con- 
tinuous stream through the capillaries and veins buck to the heart. 

Avother function which is served by this muscular tissue is to 
regulate the umount of blood which flows throngh the capillaries 
of any organ in proportion to ita needs During digestion, for 
instance, it is necessary that the digestive organs should be 
supplied with a large quantity of blood: for this purpose the 
arterioles of the splanchnic area are relaxed, and there is a 
yast amount of blood in this aren, and therefore a correspond- 
ingly small amount in other areas, such us the skin; this 
accounts for the sensation of chilliness experienced after a full 
meal. ‘The skin vessels form another good example; one of 
the most important uses of the skin is to get rid of the heat of 
the body in such a way that the body temperature shall remain 
constant; when excess of heat is produced there is also an 
increase in the loss of heat; the skin vessels are then dilated 
and so more blood is exposed on the surface, and thus increase 
in the radiation of heat from the surface is brought about. On 
the other hand, when it is necessary that the heat produced 
should be kept in the body, the loss of heat is diminished by a 
constriction of the skin vessels, as in cold weather. The alteration 
of the calibro of the vessels is brought about by the action of the 
‘vaso-motor nervous aystem on the muscular tissue of the arterioles. 

‘There are certain organs of the body in which the necessity for 
alterations in their blood supply does not exist. Such organs are 
the lungs and the brain, It is in the vesselk of these organs 
that the influence of vaso-motor nerves is at a minimum. The 
pulmonary vessels are supplied by nerves which have been 
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losoored ystlonsitina achat nervye-roots in the upper thoracic 
region ; the action of vaso-motor nerves in the brain has 
not yet = established by experimental evidence (see p. 278). 

‘The vaso-motor centre lies in the grey matter of the floor of the 
fourth ventricle ; it is a few millimetres in length reaching from. 
the upper part of the floor to within about 4 mm. of the calamas 
scriptorius. The position of this centre has been discovered by 
the following means: when it is destroyed the tone of the small 
vessels is no longer kept up, and in consequence there is a great 
and universal fall in arterial blood-pressure ; when it is stimulated 
there is an increase in the constriction of the arterioles all over 
the body, and therefore a rise of arterial blood-pressure. Its upper 
and lower limits have been accurately determined in the following 
way ; a serics of animals is taken and the central nervous system 
divided in a different place in each ; the cerebrum and cerebellum 
may be cut off without affecting blood pressure, the vaso-motor 
centre must therefore be below these ; if the section is made just 
above the medulla, the blood-pressure still remains high, and it 
is not till the upper limit of the centre is passed that the blood- 
pressure falls, Similarly in another series of animals, if the 
vervical cord is cut through, and the animal kept alive by 
artificial respiration, there is an enormous fall of pressure due to 
the influence of the centre being removed from the vessels; in 
other experiments the section is made higher and higher, and the 
same result noted, until at last the lower limit of the centre ix 
passed, and the fall of pressure is less and less marked the higher 
‘one goes there, until in the animal in which the section is made 
at the upper boundary of the centre the blood-pressure is not 
affected at all, and the centre can be influenced reflexly by the 
stimulation of afferent nerves, the pressor and depressor nerves, 
which we shall be considering immediately, 

After the destruction of the yaso-motor centre in the bulb, 
there is a fall of pressure. If the animal is kept alive, the 
vessels after a time recover their tone, and the arterial pressure 
rises; it rises still more on stimulating the central end of a sensory 
nerve ; this is due to the existence of subsidiary vaso-motor centres 
in the spinal cord ; for on the subsequent destruction of the spinal 
cord the vessels again lose their tone and the blood-pressure sinks. 

The vaso-motor nerves travel down the lateral column of the 
spinal cord, and terminate by arborising around the cells in the 

"grey matter of the subsidiary vaso-motor centres, the exact 
anatomical position of which is uncertain, From these cella fresh 
axis-cylinder processes originate which pass out as the small 
medullated nerve-fibres in the anterior roots of the spinal nerves. 
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‘The vaso-conatrictor nerves for the whole body leave the spinal 
cord by the anterior roots of the spinal nerves from the second 
thoracic to the second lumbar both inclusive, They leave the 
roots by the white rami communicantes and pass into the ganglia 
of the sympathetic chain which lies on cach side along the front 
of the vertebral column. ‘The ganglia on this chain (the lateral 
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ganglia of Gaskell) may also be called the chain of yaso-motor 
ganglia, because here are situated cell stations on the course of 
the yaso-constrictor nerves for the head, trunk and limbs. Thatis 
to say, the small medullated nerve-fibres terminate by arborising 
around the cells of these ganglia, and a fresh relay of axis-cylinder 
processes from these cella carry on the impulses, 

‘The preeeding figure represents diagrammatically how this 
oceurs, The sheaths of the fibres are not represented, 
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The cell station of any particular fibre is not necessarily 
situated in the first ganglion to which it passes; the fibres of the 
white ramus communicans of the second thoracic do not for 
instance all have their cell stations in the second thoracic ganglion, 
but may pass upwards or downwards in the chain to @ more or 
loss distant ganglion before they terminate by arborising around 
@ cell or cells. 

The vaso-constrictor nerves, however, have all cell stations 
somewhere in the sympathetic system, and the new axis-cylinders 
that arise from the cells of the ganglia differ from those which 
terminate there in the circumstance that they do not possess 
a medullary sheath, but they are pale, grey or non-medullated 
fibres. Those which are destined for the supply of the vessels 
of the head and neck pass into the ganglion stellatum or first 
thoracic ganglion, thence through the annulus of Vieussens to 
the inferior cervical ganglion, and thence along the sympathetic 
trunk to their destination, Their cell station is in the superior 
cervical ganglion. 

‘Those for the body wall and limbs pass back from the sympathetic 
ganglia to the spinal nerves by the grey rami communicantes, and 
are distributed with the other spinal nerve-fibres. The cell stations 
for the upper limb fibres are in the ganglion stellatum, and for the 
lower limb fibres in the lower lumbar, and upper sacral ganglia. 

Those for the interior of the body pass into the various 
plexuses of sympathetic nerves in the thorax and abdomen and 
are distributed to the vessels of the thoracic and abdominal 
viscera. This set includes the most important vaso-motor nerves 
of the body, the splanchnics. Their cell stations are situated in 
the various ganglia of the abdominal plexuses. 

The vaso-dilatator nerves in part accompany those just 
described, but they are not limited to the outflow from the second 
thoracic to the second lumbar, Thus, the nervi erigentes originate 
as white nuni communicantes from the second and third sacral 
nerves, and the ehorda tympani, another good example of a vaso- 
dilatator nerve, is a branch of the seventh cranial nerve. 

The vaso-dilatator nerves also differ from the vaso-constrictors 
in not communicating with cell stations in the sympathetic chain: 
they pass through these ganglia, retaining their medullary sheath, 
and have their cell stations in the collateral ganglia (such as the 
semilunar) or in the terminal ganglia on the walls of the blood- 
vessels themselves, 

All vaso-motor nerves, whether they are constrictor or dila- 
tator, differ very markedly from the spinal nerve-fibres which are 
distributed to voluntary muscles in being ganglionated ; that is 
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in having cell stations or positions of relay on their course from the 
central nervous system to the muscular fibres they supply. 

‘The existence of cel] stations between the central nervous 
aystem and the muscular fibres is not confined to the nerves of 
Dlood-vessels, but is found also in the nerves which supply the 
heart and other viscera, 

Moreover, the nerves which supply the voluntary muscles are 
motor in function ; inhibitory fibres to the voluntary muscles of 
vertebrates do not exist. But in the case of the involuntary 
muscles there are usually the twosets of nerve-fibres with opposite 
fanctions, 

To the case of the heart, we have an accelerator set whieh 
course through the sympathetic, and an inhibitory set whieh 
course through the vagus. 

Tn the case of the vessels, we have an accelerator set, which we 
have hitherto called vaso-constrictors, and an inhibitory set we 
have been calling vaso-dilatators, 

In the case of the other contractile viscera, we have also viscero- 
accelerator and visccro-inhibitory which respectively hasten and 
lessen their peristaltic movements. 

Adopting Gaskell’s nomenclature, we may further term the 
accelerator groups of nerves, katabolic, as they increase the activity 
of the muscles they supply, bringing about an increase of wear 
and tear, and an increase in the discharge of waste material. 
The inhibitory nerves, on the other band, are anabolic, a8 they 
produce a condition of rest in the tissues they supply, and so give 
4n opportunity for repair or constructive metabolism, 

‘The distribution of the vaso-motor nerves and the viscero-motor 
nerves has been within recent years very thoroughly worked out 
by Langley. The nerves of the various viscera we shall take with 
the individual organs. In all these cases, there is a cell station 
somewhere in the sympathetic system, and only one for each 
nerve-fibre. The preganglionic fibres (ie, the fibres from the 
spinal cord to the sympathetic cell station) are usually medullated ; 
the postganglionic filres those that leave the ganglion) are 
usually non-medullated. jut this histological distinction, so 
much emphasised by Gaskell, is not without exceptions, and the 
localisation of cell stations is made with far greater certainty 
by Langley’s nicotine method. Nicotine in small doses paralyses 
nerye-cells,* but not nerve-fibres ; if the drag is injected into an 








* lt is ‘A matter of uncertainty whether this drag acts upon the 
ives, or the terminal arborisations (synapses) of the nerve- 

fibres that ay them. Before the paralytic effect of nicotine comes on, 
it exeltes the nerve-cells, and thus causes a general constriction of the 


arterioles and a rise of arterial pressure. 
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animal, stimulation of the anterior nerve-roots produces no more. 
ments of the involuntary muscles, because the paralysed cell 
stations on the course of the nerve-fibres act as blocks to the 
propagation of the impulse. If the nicotine is applied locally 
by painting it over one or more ganglia, there will be a block in 
those fibres only which have their coll stations in those 

ganglia, Thus, in the lateral chain of ganglia we find the cells 
on the course of the pilo-motor nerves (i.¢., to the muscles of the 
hairs), of the vaso-constrictors of the head, limbs, and body walls, 
and possibly of the splenic nerves. In the collateral ganglia are 
found, amongst others, the cells on the course of the splanchnic 
nerves, of the nerves to sweat glands, of the cardiac accelerators, 
and of the inhibitory fibres of the alimentary canal; while in 
the terminal ganglia are placed, among others, the cells on the 
cardiac inhibitory nerves, on the motor fibres to the lower part 
of the intestine and bladder, and on the inhibitory fibres to the 
external genital organs. 


‘The cell stations on the vaso-constriotors are core for the trunk in the 
corresponding lateral ganglis: for the bead. neck and salivary glands in 
the superior cervienl ganglion ; for the upper limb in naa 
for the lower limb in the sixth and serenth Tumbar, sad ecad 
sacral ganglia ; for the tail in the coceygeal ganglia ; for the stomach in the 
copline ‘ganglion ; for the small intestine in eee mesenteric ; for the 
large intestine and rectum in the inferior mesenteric ; and for the external 
genitals in the sacral ganglia, The cells on the vaso-dilatators aro placed in 
the superior cervical ganglion for the gums and Mpa in the hilus of the 
gland for the submaxillary ; and near the riseus for the rectum, external 
genitals, &o. The cells for ihe motor-fibres of the upper part of the alimentary 
canal are in the ganglion trunci vagi ; for the lower part on the course of the 
fibres near the viscus. The cells on the irthibitory fibres of the upper part 
of the alimentary canal are in the cceliae or superior mesenteric ganglia, and 
for the lower part in the inferior mesenteric ganglia, or along the course 
of the hypogastric nerves, 

We may now ask what is the object that is served by the existence of 
ganglia on the course of these nerves, It Gia to be a means of distri. 
buting nerve-fibres to @ vast area of muscular tissne by means of a com- 
paratively small number of nerve-fibres that leave the central nervous 
system; for each fibre that leaves the central nervous system art 
around @ namber of cells, and thus the impulse it carries is transferred toa 
number of new axis-cylinder 

Tn some cases, it ba true, a single nerve-fibre will divide into maltitadinous 
branches to accomplish the same object (as in the supply of the electric 
organ of Malapteruras, the fibres to the millions of its subdivisions all 
originating from a single axis-cylinder), but the usual way appears to be a 
combination of this method with that of subsidiary cell-stations. 

Atone time a ganglion was supposed to be the seat of reflex action. The 
submaxillary ganglion was the battle-field in which this question was 
fought out. In all the researches of Langley wnd Anderson, who have 
investigated every ganglion in the body, they have never found that a 
gunglion is the seat of a reflex action. The only instances where such 
thing seemed possible were the following:—When all the nervous connections 
of the inferior mesenteric ganglion are divided except the hy 
nerves, stimulation of the central end of one hypogastric causes contraction 
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of the bladder, the efferent path to which is the other hypogastric nerve. 
In addition they obverred an apparent reflex excitation of the nerve sup- 
plying the erector muscles ‘at the hairs (pilo-motor nerves) through other 
sympathetic — In neither ease is the action truly reflex, bat ts 
caused by the yalntion of the cenfral ends of motor-fbres which ise 
from the spinal cord, and which after passing through the ganglion send 
branches down each bypogastric nerve. The experiment is in fact similar 
to Kithne's gracilis experiment (p, 173). 


A series of most interesting and important experiments have 
more recently been carried out by Langley, in which he shows 
that nerve-fibres will under certain experimental conditions 
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Semplishel and sumolation at the point w now produces the same results ws waren 
terminate by arborising around other nerve cells than those 
which they normally form connections (synapses) with. It will 
be sufficient to give one typical experiment. If the vagus nerve 
is out across in the neck, its peripheral end degenerates down- 
wards; if the cervical sympathetic is cut across below the 
superior cervical ganglion, its peripheral end degenerates upwards, 
8 far as the ganglion. If subsequently the central end of the 
cut vagus is united to the peripheral end of the cut sympa- 
thetic, in the course of some weeks the vagus fibres grow 
into the sympathetic and form synapses around the cells of the 
superior cervical ganglion, and stimulation of the united nerve 
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offects as are usually obtained when the 
cervical sympathetic is irritated ; for instance, dilatation of the 
pupil, raising of the upper eyelid, und constriction of blood-vessels 
of the head and neck. (Seo accompanying diagram, fig. 285.) 
Such experiments as these are important because they teach us 
that though the action of nerves may be so different in different 
cases (some being motor, some inhibitory, some secretory, some 
sensory, &c.), after all what occurs in the nerve trunk itself is 
always the same; the difference of action is due to difference 
either in the origin or distribution of the nerve-fibres. If we go 
back to our old illustration in which we compared the nerve 








Pig. 286. —Artoria} blood-pressure tracings showing Truube-Hering waves, (Starling) 


trunks to telegraph wires, we may be helped in realising this. 
The destination of a certain group of telegraph wires may be 
altered, and the alteration may produce different consequences at 
different places ; the electric change, however, in the wires would 
be the same in all cases. So the nerve impulse going along a 
nerve is always the same sort of molecular disturbance ; if it is 
inade as in the experiment just described, to go by a wrong 
channel, it produces just the same rosults as though the impulse 
liad reached its destination by the usual channel. 

The Vaso-motor centre can be excited directly, as by 
induction currents; the result is an increase of blood-pressure 
owing to an increase of the contraction of the peripheral arterioles, 
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It can also be excited by the action of povsons in the blood 
which circulates through it ; thus strophanthus or digitalis causes 
« mutrked rise of general arterial pressure due to the constriction of 
the peripheral vessels brought about: by impulses from the centre. 

It is also excited by venous blood, as in axphyria; tho rise of 
blood-pressure which occurs during the first part of asphyxia 
ia due to constriction of peripheral vessels; the fall during 
the last stage of asphyxia is largely due to heart failure. We 
shall study asphyxia more at length in connection with 
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respiration, During the period of decreased pressure, waves are 
often observed on the blood-pressure curve which arise from 
a slow rhythmic notion of the vaso-motor centre. The contre 
alternately sends out stronger and weaker constrictor impulses. 
They are known as the 7'raube-Hering waves, and are much 
slower in their rhythm than the waves on the tracing which are 
due to respiration. They are not peculiar to asphyxia, but 
© frequently seen in tracings from normal animals, Fig. 286 
represents tracings obtained from a dog under the influence of 
morphia and curare, The upper curve taken while artificial 
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respiration was being carried on shows the three sets of waves, 
first the oscillations duc to the heart beats, next in size those 
due to the respinatory movements, which in their turn are super- 
posed on the prolonged Traube-Hering waves. The lower tracing 
wus taken immediately after the cessation of the artificial respira- 
tion and shows only the heart beats and the Traube-Hering waves. 
The Vaso-motor centre may be excited reflexly.—The 
afferent impulses to the vaso-motor centre may be divided into 
pressor and depressor. 
Most sensory nerves are pressor nerves, beatae ray 
nerves may be taken as instances; when 
their central ends stimulated, the result is a 1 
duo to the stimulation of the vaso-motor cen 











experiment. It is convenient in performing 41 
to administer curare ag well as an anaibens 4a 
order to obviate reflex muscular 

nerve—In most animals the d 
bound up in the trunk of the vagus, but in so 
cat and horse, the nerve runs up 4s a separate 
heart and joins the vagus or its superior 
ultimately reaches the vaso-motor centre, When th 
stimulated (the vagi having been previously divided 
reflex inhibition of this at fae fall of arte 
sure is produced (see fig. 288), Stimulation of this nerve affoe 
the vaso-motor centre in such a way that the normal constrietor 
impulses that pass down the vaso-constrictor nerves are 
‘The fall of pressure is very slight after section of the ‘splanchnic 
nerves, showing that the splanchnic area is the part of the body 
most affected, The normal function of this nerve is to adapt the 
heart's action to the peripheral resistance ; if the constriction of 
the arterioles is too high for the heart to overcome, an impulse by 
this nerve to the vaso-motor centre produces reflexly a lessening 
of the peripheral resistance. 


N.B—The term depressor should be carefully distinguished from inhibi: 
tory; stimulation of the peripheral end of the vagus produces a fall of 
blood-pressure dac to inhibition (slowing or stoppage) of the heart (soe 
figs. 25 and 282); stimulation of the central end of the depresor nerve 
produces ® lowering of blood-pressure for a different reason, namely ® 
reflex relaxation of the splanchnic arterioles, 





Experiments on Vaso-motor nerves.—Tho experiments on 
the vaso-motor nerves are similar to those performed on other 
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nerves when one wishes to ascertain their functions, They consist 
of section and excitation, 

Section of a vasoconstrictor nerve, such as the splanchnic, 
causes a loss of normal arterial tone, and consequently the part 
supplied by the nerve becomes flushed with blood. Stimulation 
of the peripheral end causes the vessels to contract and the part 
to become comparatively pale and bloodless. This can be very 
readily demonstrated on the earof the rabbit. This is a classical 
experiment associated with the name of Claude Bernard. Division 
of the cervical sympathetic produces an increased redness of the 
side of the head, and looking at the ear, the transpurency of which 











Fig. 388.—Tracing showing the effect on Mlood-prewore of stimulating the central en of 
‘the nerve In the rabbit. To be read from right to left tem the 
Tate at which the recording-rurface was travelling, the intervals correspond to seconde: 
C.the moment of entrance of current ; O, moment at which it wes shut off. ‘The 
‘effect in some time in developing. and lasta after the current has been taken off. ‘The 
Hanger undulations arw the respiratory curves; the pulse cacilatious are very small 





enables one to follow the phenomena easily, the central artery 
with its branches is seen to become larger, and many small 
branches not previously visible come int The car feels 
hotter, though this effect soon passes off as the exposure of a large 
quantity of blood to the air causes a rapid loss of heat, On 
stimulating the peripheral end of the cut nerve, the ear resumes 
its normal condition and then becomes paler than usual owing to 
excessive constriction of the vessels, 

The first part of the experiment, the dilatation following 
section, can be demonstrated in a very simple way, by pressing 
the thumbnail forcibly on the nerve where it lies by the side of 
the central artery of the ear. 

Section of a vaso-dilatator nerve, such as the chorda tympani, 
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produces no effect on the vessels, but stimulation of its peripheral 
end causes great enlargement of all the arterioles, so that the sb- 
maxillary gland and the ne 
become red, and gorged with blood, and the pulse is propagated 
through to the veins; the cireulation through the capillaries isso 
rapid that the blood loses very little of its oxygen, and is there- 
fore arterial in colour in the veins. Another effect, free secretion 
of saliva, we shall study in connection with that subject. 

Other examples of vaso-dilatator nerves are the nervi erigentes 
to the ervetile tissue of the penis, &c., and of the Jingunl nerve to 
the veasels of the tongue. 














289.—-Plothy ograph. By means of this spparstus, the alte stion in volume of the 

Fe ear wtbeh inaclosed fa 8 lane tubo: failed wih Sst, the opening sash 
‘which it passes being firmly closed. by a thick gutta-percha band, y, is communioatal 
to the lever, o, and registered by a recording epparetus. The fluid in « communicates 
with that in n, the upper limit of which f* above that in a. ‘The chief alterations in 
Tolume are die to alteration in the blood contained te Uhe nrmm, - When the voliame i 
increased, Suid paseee gut of the lass cylinder, and the lever, 0, also ts valealcand 
‘when a decrease takes place the fidid returns again from nto a. It will therefore be 
evident that the apparatus i# capable of recording alterations of the volume of blood 
in the arm 









It is, however, probable that all the vessels of the body receive 
both constrictor and dilatator nerves, But the presence of the 
latter is difficult to determine unless they are present in excess ; 
if they are not, stimulation affects the constrictors most. The 
effect of section is also inconclusive ; for if a mixed nerve ix cut 
the only effect observed is a dilatation due toremoval of the tonic 
constrictor influence. 

To solve this difficult problem, three methods are in use, 

1. The method of degeneration.—If the sciatic nerve is out, the 
vessels of the limb dilate. ‘This passes off in a day or two. If 
the peripheral end of the nerve is then stimulated, the vessels aro 
dilated, as the constric fibres degenerate earliest, and so one 
gets a result due to the stimulation of the still intact dilatator fibres. 
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. The method of slowly interrupted shocks.—If a mixed nerve 
is sticnnlated’ with the usual rapidly interrupted faradic current, 
the offect is constriction ; but if the induction shocks are sent 
at long intervals (¢g. at intervals of m second), vaso-dilatator 
effects are obtained. Thin can be readily demonstrated on the 

vessels by stimulation of the ace root of the eleventh 

thoracic nerve in the two ways just indicated. 
3 The Scere tt hale agp to a low tempera- 
ee constrictors, more than the dilatatora. If the 
c ice-cold water, stimulation of the sciatic, even 












if it trike 7 recently di divided, produces a flushing of the 

skin with b 
‘The nerves can be studied in another 
th the mercurial or other forms of manc: 
meter, wh method we have considered so far. 
c is often used together with the 


n the use of an instrament which records 
of any limb, or organ of an animal. 
is called a plethysmograph. One of 


lie to the human arm is shown in the 
re (fig. 289). 


arm with every heart's systole, a little 
of the plethysmograph is expelled and raises the 
lever. in volume due to respiration are also seen in 
the tracing. air ph connected to a Murey's 
tambour gives equally good results. 


‘The same instrument in a modified form applicd to such organs 
aa the spleen and kidney is generally called an oncometer, and 
the recording part of the apparatus, the oncograph. These 
instruments we owe to Prof. Roy, and the next two figures represent 
respectively sections of the kidney oncométer and oncograph. 

Fach consists of a metal capsule, of shape suitable to enclose 
the organ: its two halves are jointed together, and fit accurately 
except at one opening which is left for the vessels of the organ, 
A delicate membrane is attached to the rim of each half, the 
space between which and the metal is filled with warm oil. The 
tube from the oncometer is connected to the oil-containing cavity 
of the oncograph by a tubo also containing oil. An increase in 
the volume of the organ squeezes the oil out of the oncometer 
into the oncograph and so produces a rise of the oncograph piston 
and lever; a contraction of the organ produces a full of the lever. 

Very good results are obtained by using saline solution instead 
of oil; and Prof. Schafer has recently shown in connection with 
the spleen that a spleen box of simple shape covered with a glass 
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plate, made air-tight with vaseline, except where it comm 
by a tube with 8 Maroy's tambour, gives a far more delicate record 
of the splenic alterations of volume than the oil oncometer. 

If now we are investigating the action of the anterior root of 
eleventh thoracic nerve on the vessels of the kidney, a tracing is 
taken simultaneously of the arterial blood-pressure in the carotid, 
and of the volume of the kidney by the oncometer. On stimu. 
lating the nerve rapidly, there is a slight rise of arterial pressure, 
but a large fall of the oncograph lever showing that the kidney 








Pig. mp, 
which opens by hinge /: b, the renal vowels and duct, 8 the 
two chambers formed ‘by membranes, the edges af which are rmly fed by 
clamped. between the outaide mctal capsule, and one (not represented in the Sure 
inside, the two being dry screwed together by perews at A nnd Below. he meta 

‘the 





brancix chamber below i filled with a varying amount af warm oil, according 
the sive of the kidney experimented with, through the opening, then clowd with 
plug. After the Kidney tis been enclosed tn the eapeule, the membrenows chamber 
above bs filled with warm ofl through the tube «, which ix then closed by = tap (not 
Fepresentad in the diagram); the tube ¢ communicates with « reeorling apparatus, 
nd any alteration in the volume of the kidney is communiosted by the oil in the tubs 
to the chamber dof the Oncograph, Mi. 291. 

















has diminished in volui It is evident that there must be an 
active contraction of the arterioles of the kidney, causing it to 
diminish in size, for the blood-pressure tracing shows that there 
is no failure of the heart’s activity to account for it. 

We shall return to the subject of the oncometer in connection 
with the spleen and kidney. 

‘The vaso-motor nervous system is influenced to some extent by 
conditions of the cerebrum, some emotions, such as fear, ewusing 
pallor (vaso-constriction), and others causing blushing (vaso- 
dilatation). 
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It is almost impossible to over-estimate the importance of the 
study of vaso-motor phenomena, as a means of explaining certain 
pathological conditions ; our knowledge of the processes concerned 
in inflammation is a cwse in point, 

Disorders of the vessels due to vaso-motor disturbances are 
generally called angio-neuroses. Of these we may mention the 
following :— 

Tache cérebrale is due to abnormal sensitivencss of the vascular 
nerves; drawing the finger-nail across the skin ca:ses an imme- 
dinte wheal, or at least a red mark that lasts a considerable time. 
At one time this was considered characteristic of affections of 
the cerebral meninges like tuberoular meningitis, and was 








Pig. 291-—Reoy's Jb, oF apparatus for recording slterntions in the yolume of the 
Kidney, ¢.. aashown by the oncometer—~w, upright, supporting recording lew, which 
feraied orlowered by heedle& which Worle trough /, and. which In attached to the 
piston ¢, working ‘chatnberd, with which the tube from the onenmeter comn= 


in 

‘Tmuniestes, *‘The ofl in prevented from beinse squeered out aa the piston descends by & 
membrane, which is clarsped tetwoen the ring-shaped surfaces of cylinder by the 
screw | working upwants; the tube & ix for Ailing the instrument, 


consequently called the “meningeal streak.” It, however, occurs 
in a variety of pathological conditions of the nervous system 
both cerebral and spinal. 

Tn certain conditions which lead to angina pectoris the pain in 
the heart is due to its being unable to overcome an immense 
peripheral resistance, and the condition is relieved by the adminis- 
tration of drugs like amyl-nitrite or nitro-glycerine, which relax 
the vessels and cause universal blushing. 

Raynaud's disease is one in which there is n localised constric- 
tion of the vessels which is so effectual as to entirely cut off 
the blood supply to the capillary areas beyond, and if this 
Jasts any considerable time may lead to gangrene of the parts 
in question. 
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CHAPTER XXII. 
LYMPH AND LYMPHATIC GLANDS. 


As the blood circulates through the capillary blood-vesels 
some of its liquid constituents exude through the thin walls of 
these vessels, carrying nutriment to the tissue elements. This 
exudation is called lymph; it receives from the tissues the pro- 
duets of their activity, and is collected by the lymph channels, 
which converge to the thoracic duct—the main lymphatic vessel 
—and thus the lymph once more re-enters the blood-stream near 
to the entrance of the large systemic veins into the right auricle. 

Lymph is a fluid, which comes into much more intimate relation- 
ship with metabolic processes in the tissues than the blood ; in 
fact, there is only one situation—the spleen—where the blood 
comes into actual contact with the elements—that is, cells, fibres, 
&o.—of a tissue, 

Composition of Lymph. 

Lymph is alkaline ; its specific gravity is about 1o15, and after 
it leaves the vessels it clots, forming a colourless coagulum of 
fibrin. It is like blood-plasma in composition, only diluted so far 
as its proteid constituents are concerned. This is due to the fact 
that proteids do not pass readily through membranes. The 
proteids present are called Jidrinogen, serum globulin, and serum 
altwmin ; these we shall study with the blood-plasma, The salts 
are similar to those of blood-plasma, and are present in tho same 
proportions, The waste products, like carbonic acid and urea, 
are more abundant in lymph than in blood. The total amount of 
solids dissolved in lymph is about 6 per cent, more than half of 
which is proteid in nature. 

When examined with the microscope the transparent lymph is 
found to contain colourless corpuscles, which are called lymphooytes ; 
these are cells with large nuclei and comparatively little proto- 
plasm. They pass with the lymph into the blood, where they 
undergo growth, and are called /eucocytes, 

All the lymphatics pass at some point of their course through 
lymphatic glands, which are the factories of these corpuscles. 
Lymphocytes also pass into the lymph stroam wherever lymphoid 
tissue is found, as in the tonsils, thymus, Malpighian bodies of 
the spleen Poyer’s patches, and the solitary glands of the intestine, 
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‘The lymph that leaves these tissues is richer in lymph-cella than 
that which enters them. 
is collected from the thoracic duct after a meal 
containing fat, it is found to be milky. This is dao to the 
‘presence in the lymph of minutely subdivided fat particles 
absorbed from the interior of the alimentary canal. The lymph 
called chyle. The fat particles constitute what used to be 
called the molecular basis of chyle. If the abdomen is opened 
the process of fat absorption, the lymphatics are seen ax 
int 


consequently called dacterts. 
The structure and arrangement of the lymphatic vessels are 
in Chapter XVIIL, and we have now to proceed to the 
study of the structure of 


The Lymphatic Glands, » 


ic glands are round or oval bodies varying in size 
from a hemp-seed to a bean, interposed in the course of the 





Fig. 252-—Reotion of w mesenteric gland from the ox, slightly magnified, 4, Titus; & {in 

(EpSrates mart ofthe Sgurm),matelnry eutitance corti! eabetance welt 
lymphatic vessels, and through which the lymph passes in its 
course to be discharged into the blood-yessels. They are found 
in great numbers in the mesentery, and along the great. vessels 
of the abdomen, thorax, and neck ; in the axilla and groin; a few 
in the popliteal space, but not further down. the leg, and in the 
arm a5 far as the elbow. 

A lymphatic gland is covered externally by a capsule of 
connective-tissue, generally containing some unstriped muscle, 
At the inner side of the gland, which is somewhat concave 
(hilwa), (fig. 292), the capsule sends inwards processes called 

le in which the blood-vessels are contamed, and these 
join with other processes prolonged from the inner surface of the 
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part of the capsule covering the convex or outer part of the 
gland ; they have a structure similar to that of the capsule, and 
entering the gland from all sides, and freely communicating, form 
4 fibrous scaffolding, The interior of the gland is seen on 
section, even when examined with the naked eye, to be made ap of 
two parts, an outer or cortical, which is light coloured, and an 
inner or medullary portion of redder appearance (figs. 292, 293). 
In the outer part, or cortex, of the gland (fig. 293) the intervals 
between the trabeculse are large and regular; they are termed 





293. —Dhe matic: —— of lymuphatic gland, «1, afferent; «4. efferent 
a A ag mcg mn ide Nan ‘isso 7.42 Ae ve ds 
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alveoli; whilst in the more central or medullary part is a finer 
meshwork formed by an irregular anastomosis of the trabecular 
processes. Within the alveoli of the cortex and in the meshwork 
formed by the trabecul: in the medulla, is contained lymphoid 
tisaue ; this occupies the central part of each alveolus; but at the 
periphery, surrounding the central portion and immediately next 
the capsule and trabecula, is a more open meshwork of retiform 
tissue constituting the /ympA-path, and containing but few lymph- 
corpuscles. At the inner part of the alveolus, the central mass 
divides into two or more smaller rounded or cord-like masses 
which, joining with those from the other alveoli, form a much 





cuoxzm) ss THE LYMPHATIC GLANDS. 315 
closer arrangement than in the cortex ; spnces (fig. 294, ) are 


left within those anastomosing cords, in which are found 
ents notes and the continuation of the 


th. 
me bens enters the gland by several afferent vessela, which 
pierve the capsule and open into the lymph-path; at the same 
time they lay aside all their coats except the endothelial lining, 
wi 
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ferent vessels begin in the medullary part of the gland, and are 
continuous with the lymph-path here as the afferent vessels were 
with the cortical portion; the endothelium of one is continuous 
with that of the other, 

‘The offerent vessels leave the gland at the hifus, and generally 
either at once, or very soon after, join together to form a single 
‘vessel. 


Biood-vesssle’ Which criter ‘and leavo the gland at the hilus are 
freely distributed to the trabecular tissue and to the lymphoid 
tissue. 





L 
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The Lymph Flow, 


‘The flow of the lymph towards the point of its ‘into 
the veins is brought about by several agencies. With the help of 
the valvular mechanism all occasional pressure on the exterior 
of the lymphatic and lactesl vessels propels the lymph onward ; 
thus muscular and other external pressure accelerates the flow of 
the lymph as it does that of the blood in the veins. ‘The action 
of the muscular fibres of the small intestine, and the layer of 
unstriped muscle present in each intestinal villus, assist in pro- 
pelling the chyle; for, in the small intestine of a mouse, the 
chyle has been seen moving with intermittent propulsions that 
correspond with the peristaltic movements of the intestine. But, 
for the general propulsion of the lymph and chyle, it is probable 
that, together with the vis « tergo resulting from external pressure, 
some of the force may be derived from the contractility of the 
vessel's own walls. The respiratory movements, also, favour the 
current of lymph through the thoracic duct as they do the current 
of blood in the thoracic veins. 


Lymph-Hearts.—In reptiles and some birds, an important auxiliary to 
the movement of the ip and chyle is supplied in certain masealar sacs, 
named fymph-hearta, and it has been shown that the caudal heart of the 
eel isa Wresptilianse also, The number and position of these organs rary. 
In frogs and tonds, there are wsnally four, two anterior and two Areata 
Into each of these cavities several lymphatics open, the orifices of veswels 


being guarded by valves, which prevent the ret of the lymph. 
ia ear bee ingle resicl procends, and oonvers the tympk ‘ted 


tly 
into the venous system, Blood és prevented from passing into the Iynapbatie 
heart by a valve at its orifice. 
¢ muscular cont of these hearts is of variable thickness ; in some cases 
anly be discovered eans of the microscope ; but in every case [t 
is composed of striped fibres. ‘The contractions of the hearts are rhythmical, 
occurring about sixty times in a minute. The pulsations of fe ou 


pair are not always synchronous with those of the pair in 
region, and even the corresponding sacs of opposite sides are not always 
synchronous in their action, 

Unlike the contractions of the blood-heart, those of the lymph-beart 
appear to be directly dependent upon a certain limited portion of the spinal 
cord. For Volkmann found that so long as the portion of spinal cord 
corresponding to the third vertebra of the frog was uninjured, the ce 
pair of lymphatic hearts continued pulsating after all the rest of the spinal 
cord and the brain were destroyed ; while destruction of this portion, even 
though all other parts of the nervous centres were uninjured, instantly 
arrested the hearts’ movements. The posterior, or ischiatic, pair of lymph- 
hearts were found to be governed, in like manner, by the portion of Xpthal 
cond corresponding to the eighth vertebra, Division of the posterior spinal 
roots did not arrest the movements ; but division of the anterior roots camsed 
them to cease at once. 

Tnnercation of the Thorwoie Duot-—By determining the rate of outflow of 
a fluid ateonstant pressure passing through the thoreic duct Camus and 
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Gley have obtained evidence of the of nerves, causing both dilata- 
tion and constriction of the duct, atv contained in the sympathetic 
below the first thoricie ganglion, The effect of stimulation is 


Relation of Lymph and Blood. 


‘The volume of blood in the body remains remarkably constant. 
Ii the amount is increased by injection of fluids, at first its 
‘specific gravity is lessened, but in a short time, often in a few 
minutes, it returns to the normal, ‘The excess of fluid is got rid 
of in two ways: (1) by the kidneys, which secrete profusely ; and 
(2) by the tissues, which become more watery. in consequence. 
the renal arteries are ligatured, and the kidney is conse- 
quently thrown out of action, the excess of water passes only into 
the tissues, 


On the other band, a deficiency of blood (for instance, after 
Iuemorrbage) is soon remedied by a transfer of water from the 
‘tissues to the blood through the intermediation of the lymph. 

In severe hemorrhage life has often been saved by injection of 
‘saline solution into the vessels, or by transfusion from another 
person. The transfer of the blood of another animal to the 
human vascular system is usually dangerous, especially if the 
blood has been defibrinated, for the serum of one animal is usually 

iszonous to another, producing various changes, of which a 
treakdown of the corpuscles (hwmolysis) is the most constant 
eign. 

Formation of Lymph. 


Carl Ludwig taught that the lymph flow is conditioned by two 

factors: first, differences in the pressure of the blood in the 

and of the fluid in the tissue spaces, giving rise to a 

filtration of fluid through the capillary walls; and secondly, 

chemical differences between these two fluids, setting up osmotic 
interchanges through the wall of the blood-vessel. 


Orserie—The phenomenon of the passage of fiulds through animal 
membrane, which occurs quite independently of vital conditions, was first 
demonstrated by Dutrochet. The instrament which he employed in his 
‘experiments was named an endosmometer, One form of this, represented in the 
figure (@g.295), conslats of & graduated tube expanded into an open-mouthed 
bell at one end, over which a portion of membrane is tied. Ifthe bell is filled 
with a solution of a salt—say sodium chloride—and is immersed in water, the 
‘water will pass into the solution, and part of the salt will pass out inte the 
water ; the water, however, will pass into the solution much more rapidly 
than the sale will pass out fmto the water, and the dilated solution will rise 
in the tube. It is to this pose of fluids through membrane that the terms 
dialyele and demosie are applied. 

matare of the er ate used as nm septum, and its affinity for the 
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fluids Sa acticin iment, have an important inftuence, as might, be 
anticipated, on ey and duration of osmotic current, Thus, ifa 
piece of ordinat Ute at a septum bi between water and aleohol, 
the current is solely from the water to the alcohol, on account of the 
much greater affinity of Paice for this kind of paar while, on the 
other hand, in the case of a membrane of caoutchouc, the alcohol, from its 
greater affinity for this substance, would pass freely into ge 

‘Tho general question of osmosis will be more fully discussed in relation, to 
the work of the kidney. 


If the lymph is produced by a simple act of filtration, then the 
amount of lymph must rise and sink with the value of D—d; 
D representing the capillary blood-pressure, and d 
the pressure in the tissue spaces. 

In support of this mechanic theory, various 
workers in Ludwig’s laboratory showed that in- 
creased capillary pressure due to obstruction of 
the venous outflow increases the amount of lymph 
formed ; and that diminution of the pressure in 
the lymph spaces, by squeezing out the lymph 
previously contained in them, leads to an increase 
in the transudation. 

On the other hand, there were some facts which 
could not be well explained by the filtration theory, 
among which may be mentioned the action of eurare 
in causing an increase of lymph flow. 

Heidenhain was the first to fully recognise that 
the laws of filtration and osmosis as applied to 
dead membranes may be considerably modified 
when the membranes are composed of living cells ; 
and he considered that the formation of lymph is 
naesnatet” due to the selective or secretory activity of the 

endothelial walls of the capillaries. This so-called 
vital action of the endothelial cells is seen in the fact that after 
the injection of sugar into the blood, in a short time the 
percentage of sugar in the lymph becomes higher than that in the 
blood. There must, therefore, be some activity of the endothelial 
cells in picking out the sugar from the blood and passing it on to 
the lymph. 

Heidenhain is also the inventor of the term lymphagogues 
(literally lymph drivers), ‘These are substances like curare, which 
have a specific action in causing an increased lymph flow. 
Heidenhain ders the majority of these act by stimulating the 
endothelial cells to activity. This conclusion, however, has been 
subjected to much criticism. In this country the question bas 
been taken up by Dr. Starling, who has shown that the influence 
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action is not so marked as Heidenhain supposes it to be, 
it moat of the phenomena in connection with lymph 
on can be explained by the simpler mechanical theory. 
ng’s views may bo briefly statod as follows = 

amount of lymph produced in any part depends on two 
8 i 


Heidenhain took the arterial pressure in his experi- 
nts as the measure of the capillary pressure; Starling points 
» Very justly, that this is incorrect, as there is between the 
and the capillaries the peripheral resistance in the 


2. The permeability of the capillary wall. This varies 
mously in different regions; it is greatest in the liver, so 
an intracapillary pressure which would cause lymph to 
ow here is without effect on the production of lymph in the 
limbs. 
‘The flow of lymph may therefore be increased in two ways :— 
1, By increasing the intracapillary pressure. This may be 
‘done locally by ligaturing the veins of an organ; or generally by 
injecting a large amount of fluid into the circulation, or by the 
injection of such substances as sugar and salt (Heidenhain’s first 
- class of lymphagogues) into the blood. These attract water from 
| the tissues into the blood, and thus increase the volume of the 
ciroulating fluid and raise the intracapillary pressure, 
2. By increasing the permeability of the capillary wall by 
injuring its vitality. This may be done locally by scalding a 
part; or generally, by injecting certain poisonous substances, such 
a8 peptone, leech extract, decoction of mussela, &e. (Heidenhain’s 
second class of lymphagogues). These act chiefly on the liver 
capillaries ; curare acts chiefly on the limb capillaries, 
To the light of our present knowledge on this question, it is 
impossible to pronounce any absolutely positive opinion. But 
fucts appear to me to be accumulating which tell in favour of 
the secretion theory. If the endothelial wall were « non-living 
membrane, physical processes would obviously explain all the 
phenomena of lymph formation. But we must recognise that 
the endothelial cells are alive, and that like other cells they are 
capable of a selective action which may mask or counteract or 
assist the purely physical processes. If the action of poisons was 
simply to injure the vessel wall and increase ite permeability, 
the amount of lymph should be proportional to the intensity of 
the injury, but this is not found to be the case. Heidenhain no 
doubt went too far when he attributed lymph formation almost 
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exclusively to endothelial activity ; and Starling has gone too far 
in the other direction. My own opinion is that lymph formation 
is mainly influenced by the physical conditions present, for the 
action of such thin cells as those of the capillary wall cannot be 
sufficiently great to entirely counteract these conditions; at the 
same time it is impossible to deny that there is some such 
action us may be described by the terms “selective” or “ vital." 
‘The question is closely related to that of absorption from the 
alimentary canal, and we shall find in studying that subject that 
there is a similar difference of opinion, and that recently pub- 
lished researches confirm the theory of selective activity of the 
absorptive epithelium. 


CHAPTER XXIII. 
THE DUCTLESS GLANDS, 


‘Tue ductless glands form « heterogeneous group of organs, most 
of which are related in function or development with the circuls- 
tory system. ‘They include the lymphatic glands, the spleen, 
the thymus, the thyroid, the suprareval capsules, the pineal 
body, the pituitary body, and the carotid and coccygeal glands. 
‘The function of a gland that has a duct is a comparatively simple 
physiological problem, but the use of ductless glands has long 
been a puzzle to investigators, Recent research has, however, 
shown that most of, if not all, the ductless glands do form 4 
secretion, and this internal secretion, as it is termed, leaves tho 
gland by the venous blood or lymph, and thus is distributed and 
ministers to the needs of parts of the body elsewhere. Many of 
the glands which possess ducts and form an external secretion, 
form an internal secretion as well. Among these the liver, 
pancreas, and kidney may be mentioned. 

In many cases the internal secretion is essential for life, and 
removal of the gland that forma it, leads to a condition of disease 
culminating in death. In other cases the internal secretion is 
not essential, or its place is taken by that formed in similar 
glands in other parts of the body. 

The body is 2 complex machine; each part of the machine has 
its own work to do, but-must work harmoniously with other 
parts, Just as a watch will stop if any of its numerous wheels 
get broken, so the metabolic cycle will become disarranged or 
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Tn unravelling the part which the ductles glands play in this 
it is at present impossible in many cases to state precisely 
the lar function of each is; all one ean say is, when 

the gland is rel or its function interfered with, that the 
metabolic round is broken somehow, and that this upsets the 
whole of the machinery of the body. ‘The difficulty of investi- 
gating this subject is increased by the fact that it is impossible 
to get the internal secretion in # state of purity and examine it ; 
it is always mixed with, and masked by, the lymph or blood into 
which it is poured. 

In spite of this, however, our knowledge in this branch of 

physiology is > particularly in connection with some of 

these ductless glands, The methods of investigation which have 
been ane are the following :— 

1, Extirpation.—The gland in question is removed, and the 

effect of the absence of the internal secretion noted. 

2, Disease.—In casea where the function of the gland is in 

cvlma owing to its being diseased, the symptoms are closely 


x pan Extracts —The gland is taken in « fresh condi- 
tion; an oxtract is made of it, and this is injected into the 
circulation of healthy animals, and into that of those animals 
from which the gland haa been previously removed, and the effects 



















Transplantation.—After the gland is removed and the 
oa effect produced, the same gland from another animal is 
transplanted into the first animal and restoration of function 
looked for, 

The case of the lymphatic glands we have already studied ; 
they form an internal secretion which consists of lymph-cells, and 
these furnish the blood with its most important supply of colour- 
less corpuscles. Removal of lymphatic glands is not fatal, as 
the other lymphatic glands and other collections of lymphoid 
tissue that remain behind carry on the work of those that are 


‘The 


internal secretion theory of the ductless glands is that which is most 
it. It should be mentioned, however, that there is another 
muy be called the auto-intowication theory. According to this 
Sin eacretory (Ge, gets rid of waste and harmful materials) 
ine (ée, production of a useful to the organism), 
an ce is ebentrad: the waste products therefore accumulate and 
harmful results. It is possible that as our knowledge increases it 
found in certain cases that both these theories may be fn part trae, 
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The Spleen, 
‘The plo. is the largest of Ui dnotlon glands iba Beaiel 
of a deep red colour and of variable shape. Vessels enter and 


leave the gland at a depression on the inner side called the Ailus 
Structure,—The spleen is covered externally almost completely 
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by a serous cont derived from the peritoneum, while within this 
is the proper fibrous coat or capsule of the organ. The latter 
is composed of connective-tissue, with a large preponderance of 
elastic fibres and a certain proportion of unstriated museular 
tissue. Prolonged from its inner surface are fibrous processes or 
trabeculer, containing much unstriated musele, which enter the 















ii SPLEEN. 


sobstance 
ices is “0 
phaties enter or leave, and the fibrous coat is acess into the 
en substance in the form of investing sheaths for the arteries 
and veins, which sheaths again are continuous with the trabeculae 
fic referred to. 
The apleen-pulp, which is of « dark red or reddish-brown colour, 
_is composed chiefly of cells, imbedded in a network formed of fibres, 
and the branchings of large nucleated cells The network so 
is thus very like a coarse kind of retiform tissue. The 
of this network are only partially occupied by cells and 
# freely communicating ayatern. Of 
some are granular corpuscles 
resembling the lympl-corpuseles, both in 
general appearance and in being able to 
perform amoboid movements ; others are 
red ‘of normal appearance 
or variously changed ; while there are also 
Jarge 


artery, after entering the 
spleen by its concave surface, divides and abawn by 
rains with but little anastomosis een oe 
between its branches; at the same time 
its branches are sheathed by the profongations of the fibrous coat, 
which they, so to speak, carry into the spleen with them. The 
arteries soon leave the trabeculw, and their outer coat is then 
replaced by one of lymphoid tissue ; they end in an open brush- 
work of capillaries, the endothelial cells of which become con- 
tinuous with those of the rete of the spleen-pulp, The veins 
begin by a similar open set of capillaries from the large blood 
— of the pulp. The veins soon pass into the trabeculie, and 
unite to form the splenic vein. This arrangement 
readily all sera hee and other corpuscles to be swept into the 


Lari the hae of a section of the spleen can be usually seen 
with the naked eye, minute, scattered rounded or oval 
‘spots, mostly from yy to yy inch (3 to $ mm.) in diamoter. 
These are the Malpighian corpuseles of the spleen, and are 
situated on the sheaths of the minute splenic arteries, They 
are in fact outgrowths of the outer coat of lymphoid tissue 
x2 


= 


a — 


324 THE DUOCTLESS GLANDS, (om. xx 


just referred to (see fig. 298). Blood capillaries traverse the 
Malpighian corpuscles and form a plexus in their interior. The 
structure of a Malpighian corpuscle of the spleen is practically 
identical with that of a lymphoid nodule. 

Functions.—These are the following :— 

(1.) The sploen, like the lymphatic glands, is engaged in the 
formation of colowrless blood-corpuactes, For it is quite certain, that 








Pig. 298.—Beetion of spleen of cat, 9, 0", 2 corpundle ; in the case of a, the een- 
nction with n sal artery, Je sees; bY email nrleriow} & ereton of tnbecalas 


the blood of the splenic vein contains an unusually large proportion 
of white corpuscles; and in the disease termed leucocythamia, in 
which the white corpuscles of the blood are remarkably increased 
in number, there is found a hypertrophied condition of the spleen, 
especially of the Malpighian corpuscles. The white corpuscles 
formed in the spleen also doubtless partly leave that organ by 
lymphatic vessels. 

By stimulating the spleen to contract in a case of splenic 
lencocythemia by means of an electric current applied over it 
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through the skin, the number of leucocytes in the blood is almost 
increased, 


Removal of the spleen is not fatal; but after its removal there 
is an overgrowth of the lymphatic glands to make up for its 

(2.) It forms colowred conpwactes, at any rate, in some animals ; 
im these animals, cells are found in the spleen similar to those we 
have described in red marrow, and called hamatoblasts, In those 
animals, if the spleen ix removed, the red marrow hypertrophies. 

(3-) There ix reason to belfeve that in the spleen many of the 
red corpuseles of the blood, those probably which have discharged 
their office and are worn out, undergo disintegration ; for in the 
coloured portions of the spleen-pulp an abundance of such cor- 
puscles, in various stages of degeneration, are found, and in 
those cases of disease in which the destruction of blood-vorpuscles 
is Increased (pernicious anwmia) iron accumulates in the spleen as 
in the liver. It was formerly supposed that the spleen broke down 
the corpuscles and liberated hemoglobin, which, passing in the 
blood of the splenic vein to the liver, was discharged by that organ 
as bile-pigment, But this is not the case; the disintegration does 
not proceed so far ax to actually liberate hemoglobin ; there ix no 
free hwmoglobin in the blood-plasma of the splenic vein. 

(4.) From the almost constant presence of uric acid, in larger 
quantities than in other organs, a5 well as of the nitrogenous 
bodies, xanthine and hypoxanthine, in the spleen, some share 
in nitrogenous metabolism way be fairly inferred to occur in it. 

(5-) Besides these direct offices, the spleen fulfils some purpose 
in regard to the portal circulation with which it is in close 
connection, From the readiness with which it admits of being 
distended, and from the fact that it is generally small while 
gastric digestion is going on, and enlarges when that act is 
concluded, it is supposed to act as a kind of vascular reservoir, or 
diverticulum to the portal system, or more particularly to the vessels 
of the stomach, That it may serve such purpose is also made 
probable by the enlargement which it undergoes in certain affec- 
tions of the heart and liver, attended with obstruction to the 
passage of blood through the latter organ, and by its diminution 
when the congestion of the portal system is relieved by dis- 

from the bowels, or by the effusion of blood into the 
stomach. This mechanical influence on the circulation, however, 
ean hardly be supposed to be more than a very subordinate 
function. 

Influence of the Nervous Systene upon the Spleen—When the 
spleen is enlarged after digestion, its enlargement is due to two 
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causes: (1) a relaxation of the muscular tissue which forms so 
large a part of its framework ; (2) a dilatation of the vessels 
Both these phenomena are under control of the nervous system 





Fig. 29).— Roy's Oncometer for xpleen ; A. open; B, closed. 


It has been found by experiment that when the splenic nerves are 
cut the spleen enlanges, and that contraction can be brought 
about by stimulation of the peripheral ends of the divided nerves 
If the splenic nerves are not cut, contraction is produced by 
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(4) stimulation of the spinal cord ; (2) reflexly by stimulation of 
the central stumps of certain divided nerves, ¢g., vagus and sciatic 5 
(3) by local stimulation by an electric current ; (4) by the adminis- 
tration of quinine and some other drugs. 

It has been shown by the oncomet 
unde 





of Roy that the spleen 
goes rhythmical contractions and dilatations, due to the 
ontmiction and relaxation of the muscular tissue in its capsule 
and trabecule, A tracing also shows waves due to the rhythmical 
altorations of the general blood-pressure. 

The form of oneometer adapted for the shape of the spleen 











Fig. jon. —Tho upper tracing bs the spleen record ; the next le carotid Ue 
Sith « meroarial ytangragh, The straigit tine beveath this Is the 
arterial preawnire ; ait the lowest tracing ts tho Uso in seconds, 














of most animals is shown on p. 326. In most mammals the 
spleen is not’ kidney-shaped as in man, but narrow and ribbon 
shaped. The geueral ‘principles of the oncometer have been 
explained on p. 309, where it is mentioned that by an air onco- 
meter Schifer has obtained good tracings; these show first, the 
large waves occurring about once a minute, due to the splenic 
aystole and dinstole ; secondly, smaller waves on this, due to the 
offoct of respiration on the blood-pressure ; and on these, smaller 
waves still, corresponding with the individual heart-beats. ‘The 
large weves due to the xplenic contractility still go on after 
the division of all the splenic nerves. These nerve-fibres leave 
the spinal cord in numerous thoracic anterior roots; they have 
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cell stations in the sympathetic chain (Schafer) or semi-lunar 
ganglia (Langley), 

The preceding figure (fig. 300) shows # typicsl tracing 
obtained by Schiifer's instrument, from « dog’s spleen. 


The Thymus, 


This gland ix 4 temporary organ; it attains its greatest size 
carly after birth, and after the second year gradually diminishes, 
until in adult life hardly « veatige remains. At its greatest develop 
ment it is a long narrow body, situated in the front of the chest 





cavity e lot hich the I Tiast vesle wip sees 6 exhend 
towards and ramify in the aphoraidal masses of the lobule, % 3. (oOliier,) 





behind the sternum and partly in the lower part of the neck. It 
is of reddish or greyish colour, and is distinctly lobulated. 
Structure.—'The gland is surrounded by a fibrous capsule, which 
sends in processes, forming trabeculw, that divide the gland 
into lobes, and carry the blood- and lymph-vossels, The large 
trabecule branch into small ones, which divide the lobes into 
lobules, The lobules are further subdivided into follicles by fine 
connective-tissue, A follicle (fig. 303), is seen on section to be 
more or less polyhedral in shape, and consists of cortical and 
medullary portions, both of which are composed of adenoid or 
lymphoid tissue, but in the medallary portion the matrix is coarser, 
and is not so filled up with \ymphoid corpuscles os im Une coven, 
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Seattered in the lymphoid tissue of the medulla are the concentric 
conpuseles of Hassall (fig. 304), which consist of a nucleated 
gmuulur centre, surrounded by flattened nucleated epithelial 


Pig, joa.—Thymus of a calf, cortex of follisie; % metulla: ¢, interfoltioularsimue. 
“Magnified about twelve times.” (Watuey.) 


cells, These ure islinds of epithelial cells cut off from the 
epitheliam of the pharynx in process of development. They are 
not decluded blood-vessels, ax was at one time supposed. They 


varieties of cancer, 

‘Whe arteries radiate from t! 
mity be seen occasionally surroundin 
(Kein). ‘The nerves are very 


remind one somewhat of the epithelial nests seen in some 
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From the thyzous various substances may be extracted, many 
of them similar to those obtained from iiveued tify Eanthine, 
hypoxanthine, adenine, and leucine. 

The main constituent of the cells is proteid, and especially 
nucleo-proteid, Indeed the thymus is usually employed a= the 
souree of nucleo-proteid when one wishes to inject that substance 
into the blood-vessels of an animal to irrodiee Srresinecaly 
intravascular clotting. It is, however, not characteristic of the 
thymus, but is found in all ae The method of preparation 
will be given later (see Coagulation of 

Function.—The thymus takes part in producing the colourless 
corpuscles like other varieties of lymphoid tissue. In hibernating 
animals it exists throughout life, and as each successive period 
of hibernation approaches it greatly enlarges and becomes laden 
with fat. Hence it appears to serve for the storing up of 
materials which, being reabsorbed during the inactivity of the 
hibernating period, may maintain the respiration and the tem- 
perature of the body in the reduced state to which they fall during 
that+time. Some observers state that it is also a souree of the 


red blood-corpuscles, at any rate in early life. 

Removal of the thymus in the frog (in which animal it 
persists throughout life) produces muscular weakness, parulysis, 
and finally death. Intravenous injection of extracts of thymus 
lowers blood pressure, though the heart may be somewhat 
wocelerated, 


The Thyroid. 
is situated in the neck, It consists of two 
the trachea, extending upwards to the 
poverinig, its inferior cornu and part of its body ; 
oted across the middle line by @ middle lobe 
ular, and varies in size in different 


is encased in a capsule of dense areolar 

in stron brous trabecule, which enclose the 
unded or oblong irregular sues, con- 

‘These vesicles are filled 

ous material. The colloid 

cs The nerves adhere 


there are, in addition to the yellowish glassy 
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colloid material, epithelium cells, colourless blood-corpuscles, and 
also coloured: uw ing disintegration, 
Function.—It is difficult to state definitely the function of the 
thyroid body; it is one of those organs of great importance in 
the metabolic round; and its removal or disease is followed by 
general disturbances, It no doubt forms an internal secretion ; 
to this the colloid material mentioned contributes, as it is found in 
the lymphatic vessels of the organ. 





yh a OEE 
wobetanos.” (8. K 

When the gland is diseased in children and its function 
obliterated a species of idiocy is produced called cretinism. 

The same condition in adults is called myxedema ; the most 
marked symptoms of this condition are slowness, both of body and 
mind, asually associated with tremors and twitchings. There is 
‘also a peculiar condition of the skin leading to the overgrowth 
of the smbcutaneous tissues, which in time is replaced by fat; 
the hair falls off, the hands become spadelike; the whole body is 
unwieldy and clumsy like the mind. 

A similar condition occurs after the thyroid is completely re 
moved surgically ; this is called cachesria strumipriva ; this operation 
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which was performed previous to our knowledge of the importance 
of the thyroid, is not regarded ax justifiable 


especially under the skin, and in the nervous symptoms (twiteh- 
ings, convulsions, ete.). 

The term Myxaxletns was originally given under the erroneous 
idea that the swelling of the body is due to mucin. In the early 
stages of the disease there is « slight increase of mucin, because 
all new connective-tissues contain « relatively large amount of 
ground substance, the most abundant constituent of which, next 
to water, is mucin. But there is nothing characteristic about 
that. 

Tho discovery of the relationships between the thyroid and 
these morbid conditions ix expecially interesting, because impor 
tant practical results in their treatment have followed close on 
the heels of experimental investigation. The missing internal 
secretion of the thyroid may be replaced in these animals and 
patients by grafting the thyroid of another animal into the 


abdomen ; or more simply by injecting thyroid extract gbeu- 
tancously ; or even by feeding on the thyroid of other wniusals. 
i atment, which has to be kept up for the rest of the 
is entirely successful. Chemical physiologists have 

ng recently to try and discover what the active 

yroid extract is which produces such marvellous 


I from which the 
he heart and raises blood 


supplied with blood- 
being even more 
point is by no 
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supplies something which is a stimulator of metabolic processes, 
and that the action on the nervous system is more especially the 
work of the parathyroids, 


The Supra-ronal Capsules. 


These are two triangular or cocked-hat-shaped bodies, each 
resting by its lower border upon the upper border of the kidney. 
—The gland is surrounded by an outer sheath of cou- 





. yh Vertial section through part af the cortical of supractonal of 
Pig. y6.—" part 0 Lae sup guinea-pig. 
theanumae nat tte Se Wf the latter, und alwo indicating the position of the Moot 


Ltd which sends in fine prolongations forming the frame- 
work of the gland. The gland tissue proper consists of an outaide 
firmer cortical portion and an inside soft, dark medullary portion. 

(1.) The cortical portion is divided into (lig. 306) columnar 
groups of cells (roe faeeiculata), Immediately under the capsule, 
however, the groups are more rounded (sona glomerulosa), while 
next to the medulla they have « reticular arrangement (sone 
reticularis). The cells themselves are polyhedral, each with a 
clear round nucleus, and often with oil globules in their proto- 
plasm, The blood-vessels run in the fibrous septa between the 
columns, but do not penetrate between the cells, 
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Se 
are very irregular in shape and size, poor 

branched ; the nerves run through the cortical substance, and 
anastomose over the medullary portion, 

‘The cells of the medulla are characterised by the presence of 
certain reducing substances. One of these takes a brown stain 
with chromic acid, and gives other colour reactions ; it ix, there 
fore, called a chromogen. Another is similar in many of its 

* 





The mn 
the Mis, moreoeseFeuctlated, Tho calla and larger, clear, and 
he corte, ore “ ‘abe irregular 


characters to jecorin, a lecithin-like substance also found in the 
liver, spleen, and other organs. 

Function.—The immense importance of the supra-renal bodies 
was first indicated by Addison, who, in 1855, pointed out that 
the disease now known by his name is associated with pathological 
alterations of these glands. ‘This was tosted experimentally by 
Brown-Séquard, who found a few years later that removal of the 
supre-renals in animals is invariably and rapidly fatal. The 
symptoms are practically the same (although more acute) as 
those of Addison's disease, namely, great muscular weakness, loss 
of vascular tone, and nervous prostration. The pigmentation 
(bronzing) of the skin, however, which is a marked symptom in 
Addison's disease, is not seen in animals. The experiments of 
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Brown-Séquard attracted much attention at the time they were per- 
formed, but were almost forgotten until quite recently, when they 
were confirmed by Abelous, Langlois, Schiifer, and others. The 
effects on the muscular aystem are the most marked results both 
after removal of the capeules and after injection of an extract of the 
glands. The effect of injecting such an extract on the voluntary 
muscles is to increase their tone, so that a tracing obtained from 
them resembles that produced by a small dose of veratrine, 
namely, a prolongation of the period of relaxation. The effect 
on involuntary muscle is equally marked ; there is an enormous 
rise of arterial blood-pressure due chiefly to a contraction of the 
arterioles. This is produced by the direct action of the extract 
on the muscular tissue of the arterioles, not an indirect one 
through the vaso-motor centre. The active chemical substance 
in the extract that produces the effect is either the reducing 
substance or chromogen alluded to aboye, or some other substance 
united to it; it is confined to the medulla of the capsules, and 
is absent in cases of Addison’s disease, 

‘The capsules, therefore, form something which is distributed to 
the muscles and is essential for their normal tone; when they 
are removed or diseased the poisonous effects seen are the result 
of the absence of this internal secretion, 

Some physiol have considered that the substance which produces 
these effeota is allied to pyrocatechin ; this, however, is incorrect ; it is more 
probable that the active material is alkaloidal in nature, possibly allied to 

siperidine or nicotine, both of which substances produce a large rise of 

d-prossare. Abel states he has suceceded in isolating the alkaloid ; he 
haa named it qpinephrine, v, Vilrth has separated another body which he 
calls suprorenine, It is extremely doubtful if either of these materials 
& the notive substance; for Moore has shown that a millionth part of 
® gramme of dried supra-renal will produce an effect on blood-pressure, 
soa very small contamination of any so-called pure material would vitiate 
the results. 

Whether this discovery will lead to the same important 
pructical resulta as in the case of the thyroid and myxedema 
must be left to the future to decide, There is already some 
evidence to show that injection of supra-renal extract is beneficial 
in cases of Addison's disease. 

‘There are some points of interest in the development and 
comparative physiology of the suprerenals, In mammals the 
medullary portion is developed im connection with the sym- 
pathetic, and is at first distinct and outside the cortical portion 
which is developed in connection with the upper part of the 
Wollifian body; it gradually insinuates itself within the cortex 
(Mitsukiri). Tn elasmobranch fishes the supra-renals consist 
throughout life of separate portions ; one the inter-renal body is 
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medium in position and single ; this corresponds to the corter 
of the mammalian supra-renal ; extracts of this are inactive, and 
in the Teloostean fishes, where it is the sole representative of the 
supra-renal, it may be removed without any harm to the animal. 
‘The other portion of the Elasnobranch supra-renal is paired, 
and derived from the sympathetic ganglia. This corresponds to 
the medulla; it contains the same chromogen as the medulla 
of the mammalian supra-renal, and extracts of it have the same 
physiological action (S. Vincent). 


The Pituitary Body. 

This body ix a amall reddishgroy muss, oecupying the sella 
turcica of the sphenoid bone, It consists af two lobes—a «mall 
posterior one, consisting of nervous tissue; and an anterior larger 
i thyroid in structure. A canal lined with 
flattened or with ciliated epithelium passes through the anterjor 
lobe; it is connected with the infundibulum. The alyeoli are 
approximately spherical; they are filled with nucleated cells of 
various sizes and shapes not anlike ganglion cells, collected 
together into rounded masses, filling the vesicles, and contained 
in a semi-fluid granular substance. The vesicles are enclosed by 
connective-tissue, rich in capillaries, Disease of the pituitary 
body produces the condition called aeromegaly, in whieh the 
Dones of limbs and face hypertrophy. 

When the gland is removed in animals, tremors and spasms 
occur like those which take place after removal of the thyroid. 
Death usually occurs within fourteen days. Some observers have 
stated that overgrowth of the pituitary occurs after excision 
of the thyroid. But there is no ground for the assumption that 
the two glands have a similar function. Acromegaly is a very 
different disease from myxodema. The injection of extracts 
of the organs are also different, Thyroid extract produces a fall 
of arterial pressure. Extracts of the anterior lobe (hypophysis) 
of the pituitary body are inactive ; but extracts of the posterior 
lobe or infandibular body contain two active substances, one of 
which produces a rise, and the other # fall of blood-pressure. 
A second dose of the former of these injected soon after the first 
dose is inactive ; and so it is not the sume thing as in supnerenal 
extract. The chemical nature of the two substances is not 
known, 











The Pineal Gland. 


This gland, which is a small reddish body, is placed beneath 
the back part of the corpus calloaum, and reste upon the corporn 


wholly nervous. The cortical layer consists of a number of 







. It contains « central cavity lined with ciliated 
‘The gland substance proper is divisible into—(r) 

cortical layer, analogous in structure to the anterior 
lobe of the pituitary body; and (2) An inner central layer, 


closed follicles, containing (a) cells of variable shape, rounded, 
- clongated, or stellate; () fusiform cells. ‘There is also preseat 
— brain-sand, gritty matter consisting of round particles aggregated 
into small masses. The central substance consists of white and 
grey matter. ‘The blood-vessels are small and form a very delicate 


capillary plexus, 
} ‘The pineal gland is the atrophied remains of a third eye situated 
contrally, ‘This eye in found in a more perfect condition, though 
covered by skin, in certain lizards, such as Hatteria, ~ 





‘The Coccygeal and Carotid Glands. 


‘These so-called glands are situated, the one in front of the tip of 
the coceyx and the other at the point of bifurcation of the common 
carotid artery on each side. They are made up of a plexus of 
small arteries, are enclosed and supported by a capsule of fibrous 
tissue, which contains counective-tissue corpuscles. The blood- 
vessels are surrounded by one or more layers of cells resembling 
secreting-cells, which are said to be modified plasma cells of the 
connective-tissue. The function of these bodies is unknown. 


CHAPTER XXIV. 
RESPIRATION. 


‘Tne respiratory apparatus consists of the lungs and of the air- 
passages which lead to them. In marine animals the gills fulfil 
the same functions as the lungs of air-breathing animala, The 
muscles which move the thorax and the nerves that supply them 
must also be included under the general heading Respiratory 
System ; and, using this expression in the widest sense, it includes 

tically all the tissues of the body, since they are all concerned 
in the using up of oxygen and the production of waste materials, 
like carbonic acid. 

Essentially a lung or gill is constructed of a thin membrane, 
one surface of which is exposed to the air or water, as the case 
may Le, while, on the other, is a network of blood-vessels— 

as h 


‘i 





otnee canes 

The lungs or gills are 
the part of the blood, of carbonic 
the seat, in any special manner, of those combustion-processes 
of which the production of carbonic acid is the final result. 
‘These processes occur in all parts of the body in the substance of 


‘The Respiratory Apparatus. 


The object of respiration being the interchange of gases in the 
lungs, it is necessary that the 
them, and that the changed 
The lungs are contained in the chest or thorax, which is a closed 
cavity having no communication with the outside except by 
means of the respiratory passages. The air enters these passyges 


through the nostrils or through the mouth, whence it passes 
through the larynx into the trachea or windpipe, which about 
the middle of the cheat divides into two tubes, bronchi, one to 
each (right and left) lung. 


dorsal vertebra, where it divides into the 
(fig. 308). It measures, on an 

inches in length and from three 

in diameter, and is essentially a 

6, within the layers of which are 
rings, from sixteen to twenty in 

md oly around the front and sides 
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is to diminish, when required, the calibre of the trachea by 
approximating the ends of the cartilages. Outside these are a few 





Fig. )09.—Outline showing the general form of the 
Jaryms, traches, and ‘tronchi, sa seen from 


ridge on the back of the cricoid cartilage; t, the 
Dosterior membranous part af the yb0, 
vight and left bronchi. (Allen Thomson.) 


inal bundles of muscular tissue, which, like the preceding, 


are attached both to the fibrous and cartilaginous framework. 
The mucous membrane consists to a great extent of loose .« 


a2 
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various stractares which form the wall of the trachea, and open 
throngh the mucous membrine into the interior (fig. 310). 

‘The two bronchi into which the truchea divides, of which the 
right is shorter, broader, and more horizontal than the loft 
(fig. 308), resemble the trachea in structure, with the difierence 
that in them there is a distinct layer of unstriped muscle 
arranged circularly beneath the mucous membrane, forming the 
wewecwlaris mucose. On entering the substance of the lungs 
the cartilaginous rings, although they still form only larger or 
smaller segments of a circle, are uo longer confined to the front 
and sides of the tubes, but are distributed impartially to all parts 
of their circumference. 

‘The bronchi divide and subdivide, in the substanco of the lungs, 





giant carrtna esac te 
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into « number of smaller and smaller branches (bronchial tubes), 
which penetrate into every part of the organ, until at length they 
end in the amaller gubdivicions of the lungs called lobules. 

All the larger branches have walls formed of fibrous tissue, 
containing portions of cartilaginous rings, by which they are held 
‘open, aud wnsttiped muscular fibres, as well as longitudinal 
bundles of elastic tissue. They are lined by mucous membrane 
the surface of which, like that of the larynx and trachea, is 
vovered with ciliated epithelium, but the several layers become 
Jess and Jess distinct until the lining consists of a single layer of 
short columnar cells covered with cilia (fiz, 311). The macous 
-mombrane is abundantly provided with mucous glands, 

As the subdivisions become smaller und smaller, and their walls 


Geeta eartilaginous rings become scarcer and more irregu- 
until, in the «maller brouchial tubes, they ure represented 
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only by minute and seattered cartilaginons fakes. When the 
bronchial tubes, by successive branchings, are reduced to about 
#» of an inch (6 mm.) in diameter they lose their cartilaginous 
element altogether, and their walls are formed only of « 
fibrous elastic membrane with circular muscular fibres; they are 
still lined, however, by a thin mucous membrane with ciliated 
epithelium, the length of the cells bearing the cilia having become 
4o far diminished that the cells are now cubical. In tho smaller 
bronchial tubes the muscular fibres are relatively more abundant 
than in the larger ones, and form a distinct cireular coat, 

The Lungs and Plewrn.—The lungs occupy the greater por- 
tion of the thorax, ‘They are of a spongy elastic texture, and are 
composed of numerous minute ainsacs, and on section every here 





Fig. j12. Transverse section of the chest, 


and there the air-tubes may be seen ent across. Any fragment 
of lung (unless from a child that has never breathed, or in cases 
of disease in which the lung is consolidated) floats in water; no 
other tissue does this. 

Kach Iung is enveloped by a serous membrane—the plewra, 
one layer of which adheres closely to its surface, and provides it 
with its smooth and slippery covering, while the other adheres to 
the inner surface of the chest-wall. The continuity of the two 
layers, which form « closed sac, as in the case of other serous 
membranes, will be best understood by reference to fig. 342. 
‘The appearance of space, however, between the pleura which 
covers the lung (visceral layer) and that which lines the inner 
surface of the chest (part lnyer) is inserted in the drawing 
only for the suke of distinctness. [v does wot really exist: ‘The 


























OW. XXIV.) THE PLEURA. 343 


layers aro, in health, everywhere im contact one with the other ; 
wod between them is only jast so much finid ax will ensure the 
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lungs gliding ensily, in their expansion and contraction, on the 
inner surface of the parietal layer, which lines the chest-wall, 

If, however, an opening is 
made 80 a4 to permit air or fluid 
to enter the pleural sie, the 
lung, in virtue of its elasticity, 
recoils, and « considerable space 





nicate, From e new-born child, 
(iin) 
is left between it and the chest-wall. In other words, the natural 
elasticity of the lungs would cause them at all times to contract 
away from the ribs were it not that the contraction is resisted by 
atmospheric pressure which bears only on the immer surface of 








prevented. 
Each lung al Sebtivdad, to separate portions 
called. lobes ; agian tan Boe in 
two, Each of these lobos, sugain, posed 0 
of mite pa ee K 











.branch of the bronchial tube, of airsucs, blood-vessels, nerves, 
and lymphaties, with « Meenas, tissue. 

On entering a lobule, the al tube, the structure 
of which has just been ‘ennai " divides and sub- 
divides ; its walls at the same time and thinner, 
until at leogth they are formed only jin membrane of 
areolar, muscular, and elastic tissue, lined by ; i t 


epithelium not provided with cilia At the s 
altered int shape ; each of the minute terminal 
out funnel-wise, und its walls are pouehed out rl 
small saecular dilatations, called aireace 14, 6). Such » 

funnel-shaped terminal braneh of the tub 
group of pouches or air-sacs, has been called an fyfundibulom 
(figs. 3144, 315), and the irregular oblong: in its centre, with 

which the air-sacs communicate, an 

‘The air-sacs, or ait-vesicles, may be placed singly, recesses 
from the intercellular passage, but more often they are arranged 
in groups, or even in rows, like minute sacculated tubes ; so that 
short series of vesicles, all communicating with one another, open 
by a common orifice into the tube. ‘The vesicles are of various 
forms, according to the mutual pressure to whieh’ they are 
subject; their walls are nearly in contact, and they vary from 
voth to yoth of an iuch (‘5 to °3 mm.) in diameter. Their walls 
are formed of fine membrane, like those of the intercellular 
passage ; this membrane is folded on itself so a8 to form a sharp 
edged border at each circular orifice of communication between 
contiguous air-vesicles, or between the vesicles and the brouchial 
passages. Numerous fibres of elastic tissue are spread out between 
contiguous airsacs, and many of these are attached to the outer 
surface of the fine membrane of which each sc is compoeed, 
imparting to it additional strength and the power of recoil after 
distension, ‘The vesicles are lined by a layer of pavement 
epithelium (fig. 316) not provided with cilia. Outside the air- 
vesicles a network of pulmonary capillaries is spread out so densely 
t7) that the interspaces or meshes are even narrower than 
which are, on an average, ydoeth of an ine (Se) in 
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diameter. Between the air in the snes and the blood in there 
vessels nothing intervenes but the thin walls of the airsaes and 
of the capillaries ; and the exposure of the blood to the air is the 
more complete, becatise the folds of membrane between contiguous 
airsacs, and ofter: the spaces between the walls of the mame, 
contain only a single layer of capillaries, both sides of which are 
thus at once exposed to the air, The arrangement of the 
capillaries is shown on a larger scale in fig. 224 (p. 220). 

‘The vesicles of adjacent lobules do not communicate ; so that, 
when any bronchial tube is closed or obstructed, the supply of 
air is lost for all the sacs opening into it or its branches. 










Pe ocr with silver nitrate. A. D., alveolar duct or intereel/ular 
Rane pale mccetiar eines toeundy ac stvoae dare 
Poke ene ee 
ee langs receive blood from two sources, 
(a) the pulmonary artery, (J) the bronchial arteries, The former 
conveys venows blood to the lungs to be arterialised, and this 
blood takes no share in the nutrition of the pulmonary tissues 
through which it passes. The branches of the bronchial arteries 
convey arterial blood from the aorta for the nutrition of the walls 
of the bronchi, of the larger pulmonary vessels, of the interlobular 
connective-tissue, &e.; the blood of the bronchial vessels is returned 
chiefly through the bronchial and partly through the pulmonary 
veins. 
Lywphatics.—The lymphatics are arranged in three sets — 
1. Irregular lacunw in the walls of the alveoli or air-sacs. The 
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lymphatic vessels which lead from these accompany the ul 
monary vessels towards the root of the lung. 2. [regular anes 
tomosing spaces in the walls of the bronchi. 3. Lympb-speces 
in the pulmonary pleum. The Lymphatic vessels from all those 





Wi. 57. —Cnpillary network of the puhnonury bloodresmeis te the hiemun tung, —« 4 
Kolliker, 


irregular sinuses pass in towards the rootof the lung to reach the 
bronchial glands. 

Nerves.—The nerves of the lung are to be traced from the 
anterior and posterior pulmonary plexuses, which are formed by 
branches of the vagus and aympathetic. ‘The nerves follow the 
course of the vessels and bronchi, and in the walle of the latter 
many small ganglia are situated. 





The Respiratory Mechanism. 


Respiration consists of the alternate expansion and contraction 
of the thorax, by means of which air is drawn into or expelled 
from the lungs. These acts are called Inspiration and Sinpiration 
respectively. 

For the inspiration of air into the lungs it is evident that all 
that is necessary is such a movement of the side-walls or floor of 
the chest, or of both, that the capacity of the interior shall be 
enlarged, By such increase of capacity there will be a di 
of the pressure of the sir in the lungs, and « fresh quanti 








enter through the larynx and trachea to equalixe the pressure on 
the inside and outside of the chest. 


or the expiration of air, on the other hand, it ke also evident 
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that, by an opposite movement which shall diminish the capacity 
of the chest, the pressure in the interior will be increased, and 
air will be expelled, until the pressure within and without the 
chest are again eqnal. In both cases the air passes through the 
trachea and larynx, whether in entering or leaving the lungs, 
there being no other communication with the exterior of the 
body; and the Ing, for the same reason, remains, under all the 
circumstances deseribed, closely in contact with the walls and 
floor of the chest. To speak of expansion of the chest, is to speak 
also of expansion of the lung. The movements of the lung are 
therefore passive, not active, and depend on the changes of shape 
of the closed cavity in which they are contained. A perforation 
of the chest-wall would mean that the ling in that side would no 
longer be of wee; a similar injury on the other side (double 
pneumothorax) would cause death. If the two layers of the 
pleura were atiherent, those portions of the lung would be expanded 
most where the movements of the chest aro greatest. The 
existence of the two layers prevents this, and thus the lung is 
equally expanded throughout. 

Inspiration.—The enlargement of the chest in inspiration is 
a muscular act; the effect of the action of the inspiratory muscles 
is an increase in the size of the chest cavity (a) in the vertical, 
and (4) in the lateral and antero-posterior diameters. The 
muscles engaged in ordinary inspiration are the diaphragm ; 
the external intercostals; parts of the internal intercostals ; the 
levatores costarum ; and serratus posticus superior. 

(a.) The vertical diameter of the chest: is inereused by the con- 
truction and consequent descent of the diaphragm ; at rest, the 
diaphragm ix dome-xhaped with the convexity upwards; the 
central tendon forms a slight depression in the middle of this 
dome. On contraction the muscular fibres shorten and #o the 
convexity of the double dome is lessened. The central tendon, 
which was formerly regarded as remaining fixed, is drawn down a 
certain distance, but the chief movement is at the sides, For the 
effective action of this muscle, its attachment to the lower ribs is 
kept fixed by the contraction of the quadratus lumborum, The 
diaphragm is supplied by the phrenic nerves, 

(4.) The increase in the lateral and antero-posterior diameters of 
the chest is effected by the raising of the ribs, the upper ones 
being fixed by the scaleni. The greater number of the ribs are 
attached very obliquely to the spine and sternum. 

‘The elevation of the ribs takes place both in front and at 
the sides—the hinder ends being prevented from performing 
any upward movement by their attachment to the spine. The 
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wmovement of the front extremities of the ribs is of necessity 
accompanied by an upward and forward movement of the sternan 





Fig. 518. —Dingrass of axes of moverent of ribs. 


to which they are attached, the movement being greater at tho 
lower end than at the upper end of the latter bone. 





Fig. 519. —Dingram of mowement of « rib in temptation, 


The axes of rotation in these movements are two; one corre- 
sponding with « line drawn through the two articulations which 
the rib forms with the spine (a, 6, fig. 31%); aud the other with 
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® line drawn from one of these (head of rib) to the sternum 
(AB, fig. 318); the motion of the rib around the latter axis being 
somewhat after the fashion of raising the handle of a bucket. 

‘The elevation of the ribs is accompanied by a slight opening 
out of the angle which the bony part forms with its cartilage 
(fig. 319, A); and thus an additional means is provided for 
increasing the antero-] rior diameter of the chest. 

‘The muscles by which the ribs are raised, in ordinary quiet 
moet are the external intercostals, and that portion of the 

internal tutercostals which is situated between the costal cartilages; 

and. these aro assisted by the lewtores coatarum, and the serrtus 
postions mperior. The action of the levatores and the serratus is 
very simple. Their fibres, arising from the spine as a fixed point, 
pass obliquely downwards and forwards to the ribs, and neces 
swrily raise the latter when they contract. The action of the 
intercostal muscles is not quite so simple, inasmuch as, passing 
merely from rib to rib, they seem at first sight to have no fixed 
point towards which they can pull the bones to which they are 
attached. 


In tranquil breathing, the expansive movements of the lower 
part Of the chest are greater than those of the upper. In forced 
inspiration, on the other hand, the greatest extent of movement 
appears to be in the upper antero-posterior diameter. 

In extraordinary or forced inspiration, ax in violent exercise, or 
in eases in which there is some interference with the due entrance 
of air into the chest, and in which, therefore, strong efforts are 
necessary, other muscles than those just enumerated, are pressed 
into service. It is impossible to separate by 4 hard-and-fast line 
the museles of ordinary from those of extraordinary inspiration ; 
but there is no doubt that the following are but little used as 
respiratory agents, except in cases in which unnsual efforts are 
required—the sternomastoid, the serratus magnus, the peetorates, 
and the ¢raperius. Laryngeal and face muscles also come into play. 

‘The expansion of the chest in inspiration presents some 
peculiarities in different persons. In young children, it is effected 
chiefly by the diaphragm, which being highly arched in expira- 
tion, becomes flatter as it contracts, and, descending, presses on 
the abdominal viscera, and pushes forward the front walls of the 
abdomen. The movement of the abdominal walls being here 
more manifest than that of any other part, it is usual to call this 
the abdominal type of respiration, In men, together with the 
descent of the diaphragm, and the pushing forward of the front 
wall of the abdomen, the chest and the sternum are subject ton 
wide movement in inspiration (sn/erior costal type). In women, 
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the movement appears less extensive in the lower, and more so in 
the upper, part of the chest (mperior costal type). 

There are also differences in different animals. In the frog, 
for example, denies Sepa ee nes ape een the 
floor of the mouth, the mouth and sostrils | 

Expiration.—KFrom the enlargement petechy ar in inspiration, 
fhe chest ane ne eee 
their elasticity ; the force employed by the 
in distending the chest and overcoming the elastic cad 
the lungs and chest-walls, is returned as an expiratory effort 
when the muscles are relaxed. This clastic recoil of the chest and 
lungs is sufficient, in ordinary quiet breathing, to expel air from 
the lungs in the intervals of inspiration, and no muscular power 
is required. In all voluntary expiratory efforts, however, as in 
speaking, singing, blowing, and the like, and in many involuntary 

actions also, as sneexing, coughing, &c., something more than 
merely passive elastic power is necessary, and the 
tory muscles are brought into action. By far the chief of these 
are the abdominal muscles, which, by pressing on the viscera 
of the abdomen, push up the floor of the chest formed by the 
diaphragm, and by thas making pressure on the lungs, expel air 
from them through the trachea and larynx. All muscles, however, 
which depress the ribs, must act also as muscles of ex; 
and therefore we must conelude that the abdominal muscles are 
assisted in their action by the interosseous part of the fnternal 
intercostals, the triangularis sterni, the serratus posticus inferior, 
and quadratus lumborum. When by the efforts of the expiratory 
muscles, the chest has been squeezed to less than its average 
diameter, it again, on relaxation of the muscles, returns to the 
normal dimensions by virtue of its elasticity. The construction 
of the chest-walls, therefore, admirably adapts them for recoiling 
against and resisting as well undue contraction as undue dilatation, 

In the natural condition of the parts, the lungs can never 
contract to the utmost, but are always more or less “on the 
stretch,” being kept closely in contact with the inner surface 
of the walls of the chest by cohesion as well as by atmospheric 
pressure, and can contract away from these only when, by some 
means or other, as by making an opening into the pleural cavity, 
or by the effusion of fluid there, the pressure on the exterior and 
interior of the lungs becomes equal. 


Methods of recording Respiratory Movements. 


‘The movements of respiration may be reeordéd i pe a oi in several 
ways. One method is to introduce a tube inte the trachen: 
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‘which instrument is at! ‘hott by belt «When 
yarns ave pulled amano, which bends the steel plate and 
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end of the other an ivory bn When in wo, the apparntus is suspendel 
with the transverse bar posteriorly, the button of the tambour ie placed on 
the part of the chest the movement of which it is desired to record, and the 
other button is made to press upon tho corresponding point on the other sie 
of the chest, so that the chest is, as it were, beld between a pair of call 

‘The tambour is connected by tubing and a Tepicee with a reconting Tambor 
squeezed into the eavity of 
the tympanum. When in work the tube connected with the air is 
shut off by means of # scrow clamp. ‘The movement of the chest ix thus 
communicated to the recording tambour. 

A simpler form of this apparatus consists of a thick indis-rubber bag of 
elliptical shape about three inches long, to one end of which « rigid gutta- 
percha tube is attached. ‘This bag may be fixed at any rege glace on 
the chest by means of n strap and buckle. Wy means ot Une qa\taeyerdim 
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‘The acts of expansion and contraction of the chest take up 
under ordinary circumstances a nearly equal time. The act of 
inspiring air, however, especially in women and children, is a little 


expressed — 
Tnapivation « * ne 
Cpirahal ie Tesuiaey as 2 27 cage 
A vory slight pavar. 

Tf the ear be placed in contact with the wall of the chest, or be 
separated from it only by a good conductor of sound or stetho- 
scope, a faint respiratory or vesicular murmur is heard during 
inspiration. This sound varies somewhat in different parto—being 
loudest or coarsest in the neighbourhood of the trachea and large 
bronchi (tracheal and bronchial breathing), and fading off into a 
faint sighing as the ear is placed at a distance from these (vesi- 
cular breathing). It is best heard in children, and in them a 
faint murmur is heard in expiration also, The cause of the 
vesicular murmur has received various explanations; but most 
observers hold that the sound is produced by the air passing 
through the glottis and larger tubes, and that this sound is 
modified in its conduction through the substance of the lung. 
‘The alterations in the normal breath sounds, and the various 
additions to them that occur in different diseased conditions, can 
only be properly studied at the bedside. 

movements of the Nostrils and of the Glottis.— 
During the action of the muscles which directly draw air into the 
Ke, AA 


i 
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Seon ag wee ew ease ‘The openisg: at the upper 

part of the larynx or rima glottidis i alightly dated’ sich 

inspiration for the more ready passage of air, and becomes 
tharelorts 


circumstances, the dilatation of the rima “plottidis isa 
act and its narrowing chiefly an elastic recoil. 

Torms used to oxpress Quantity of Air breathed. — 
a. Breathing or tidal air is the quantity of air which is habitually 
and almost uniformly changed in each act of breathing. In a 
healthy adult row is about 20 cubic inches, or about 300 cem. 
It will be seen that this amount of air ix not nearly sufficient to 
fill the lungs; it fills the upper respiratory passages ; the air 
principally finds its way into the alveoli by the much slower 
process of diffusion, the oxygen diffusing downwards, and the 
carbonic acid diffusing upwards. Some of the tidal air, however, 
probably reaches the alveoli directly, for th dead 


e inches (1,600 cont) reoaleh ix Se 
y a forcible and deeper expiration. This 
lemental 


which still remains in the lungs 
effort. Its amount depends in 
the chest, but may be 

about 1,600 com. 
yaaa into and out of the 
varies from 400,000 
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is about 225 to 250-cubie inches, or 3,500 to 4,000 com. It is 
the sum of the complemental, tidal, and supplemental air. 


The reapiratery ity, or as John Hutchinson called it, eital capacity, 
is usmally measured a woditied gasometer or spirometer, into whi the 


after the deepest inspiration. The quantity of 
‘expelled from the lungs is indicated by the height to which the air-chamber 
cof the splrometer rises; and by means of a seale placed in connection with 
this, the nambor of cabio inches is read off. 


In healthy men, the respiratory capacity varies chiefly with 
the stature, weight, and age. 

Tt was found by Hutchinson, from whom most of our informa- 
tion on this subject is derived, that at a temperature of 15°4° GC. 
(60° F.), 225 cubic inches is the average vital or respiratory 
capacity of a healthy person, five feet seven inches in height. 


Circumstances affecting the amount of respiratory capacity,—For ever 
inch of height Se tuivseancard tha Capacity ts isoreased, on en. average, 
by eaght cubie Inches; und for every inch below, it is diminished by the 


manifest and 
at any definite 
conclusions on this point, because the natural Gang? weight of a healthy 
man in relation to statnre has not yet been determined, 
‘ment, however, it may be said that the capacity of respiration 
by weights under 161 pounds, or 114 stones ; but that, above this point, it is 
‘at the rate of one cubic inch far every additional pound up to 
196 pounds or 14 stones. 

By age, the capacity is increased from about the fifteenth to the thirty- 
fifth year, at the rate of five cubic inches per year ; from thirty-five tosixty- 
five it diminishes at the rate of about one and a half cubic inch per year ; #0 
Bhat She enpacity of respiration of « man of wixty years old would be about 
a cubic inches les than that of s man forty years old of the same height 









‘Sex.—The vital capacity of an adult man to that of a woman of the same 
height is 10 to 7. 


The number of respirations in a healthy adult person usually 
ranges from 14 to 18 per minute. It is greater in infancy and 
childhood. Tt varies also much according to different circum: 
stances, such as exercise or rest, health or disense, ke.  Varia- 
tions in the number of respirations correspond ordinarily with 
similar variations in the pulsations of the heart. Tn health the 
proportion is about 1 to 4, or 1 to 5, and when the rapidity of 
the heart's action is increased, that of the chest movement ix 
commonly increased also; but not in every case in equal propor: 
tion. It happens occasionally in disease, especially of the lungs 
or air-passages, that the number of respiratory acts increases in 
quicker proportion than the beats of the pulse; and, in other 


AAt 


inches to five ft ight oc wl lerte can 
nearly three inches (about 60 mm.) of 


expire. 
tory acts is, on the average, one-thind greater than that exercised 
in inspiration, But this difference is in great measure due to the 
power exerted by the elastic renetion of the walls of the chest; 
and it is also much influenced by the disproportionate strength 
which the expiratory muscles attain, from their being called into 
use for other purposes than that of simple expiration. The force 
of the inspiratory act is, therefore, better adapted than that of 
the expiratory for testing the muscular strength of the body. 
(John Hutchinson.) 

Jn ordinary quict breathing, there ik a negative pressure of 
ouly + mm. during inspiration, and a positive pressure of from 
2 to 3 mm. mercury during expiration. 

by 
Peppy fot ypermantge ene ey 
fi the “nostells, ‘und through which the inspiratory or expiratory effort 


part of the force exerted in deep inspintion is 
in overcoming the resistance offered by the elasticity of 


e exerted by the elasticity of the lungs alone 


ubject, and observing the rise of 
of the chest-walls. If the chest 


1 by the contraction of the plain 
bronchial tubes, the pressure of 
2mm. Hutchinson calculated 
ne by the muscles in the act of 

more than 450 Ibs. 


means of their muscular bres, 
is more likely that. its chief 
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the supply of blood: the muscular tissue also contracts upon 
and gradually expels colleetions of mucus, which may have 
acoumulated within the tubes, and which cannot be ejected by 
forced expiratory efforts, owing to collapse or other morbid 
conditions of the portion of Iuny connected with the obstructed 
,2 tubes (Gairdner). 
The Nervous Mechanism of Respiration. 

In the central nervous system there is a specialised small 
district called the Respiratory centre. This gives out impulses 
which travel down the spinal cord to the branches of the spinal 
norves that innervate the muscles of respiration. It alao receives 
various afferent fibres, the most important of which are contained 
im the trunk of the vagus, The vagus is chiofly an afferent nerve 
in relation to respiration. It, however, also is in a minor degree 
efferent, for it supplies the muscular tissue of the lungs and 
bronchial tubes, and exercises a trophic influence on the lung, 

‘The respiratory centre was discovered by Flourens; it is situated 
at the tip of the calamus scriptorius, and almost exactly coincides 
in position with the centre of the vagus. The existence of sub- 

jh iratory centres in the spinal cord has been mooted, 
bat the balance of experimental evidence is against their existence. 
Flourens found that when the respiratory centre is destroyed, 
respiration at once ceases, and the animal dies, He therefore 
called it the “vital knot” (naud vitale). 

‘The centre is affected not only by the afferent impulses which 
reach it from the vagus, but also by those from the cerebrum; so 
that we have @ limited amount of voluntary control over the 





ber tory movement, 
e sensory nerves of the skin have also an effect. The action 
of the cold air on the body of a new-born child is no doubt the 
principal afferent cause of the first respirations. During fatal 
life, the need of the embryo for oxygen ix very small, and is amply 
met by the transference of oxygen from the maternal blood 
the thin walls of the fetal capillaries in the placenta. 
‘The application of cold water to the skin always causes a deep 
inspiration; this ia another instance of the reflex effect which 
follows stimulation of the cutaneous uerves. Stimulation of the 
central end of the splanchnics causes expiration. Stimulation of 
the central end of the glosso-pharyngeal causes an inhibition of the 
respiratory movements for a short period ; this accounts for the 
‘Fery necessary cessation of breathing during swallowing, Stimu- 
lecioa of the central end of the cut superior laryngeal nerve, oF 7 


ea 
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of its terminations in the mucous membrane of the larynx, as 
when « crumb is “swallowed the wrong way,” produces inhibition 
of inspiratory and increase of expiratory efforts, culminating in 
coughi 


These nerves, however, are none of them in constant action as 
the vagi are, and the influence of the vagus is somewhat 
cated. Still, respiration continues after the vagi are cut. 
character of the respiration becomes altered, especially if both 
nerves are severed; it is slower and deeper. This is due to 
the cessation of the impulses that normally ran up the vagi 
to the respiratory centre. The animal, however, lives a con- 
siderable time; & warm-blooded animal usually dies after about 
a week or ton days from magus prewmonia, due to the removal 
of trophic influences from the lungs,  Cold-blooded animals 
are longer; they exhibit fatty degeneration of the heart-muscle 


oF ‘he question has been much debated whether the activity of 
the respiratory centre is automatic or reflex; that is to say, 
whether the rhythmic discharges proceeding from it 
on local changes induced by the condition of its blood sapply, 
or on the repeated stimulations it receives by afferent nerves. 

There appears every reason to believe that the centre bas the 
power of automatism, but this is never excited under normal 
circumstances. Normally the respiratory process is a series of 
reflex actions. 

The evidence in favour of the automatic activity of the centre 
is the following :— 

(1.) If the spinal cord is cnt just below the bulb, respiration 
ceases, except in the caso of the facial and laryngeal muscles, 
which are supplied by nerves that originate above the point of 
injury. Tho alw nasi work vigorously, Such respiration is not 
effective in drawing any air into the chest, and so the animal 
soon dies; but the forcible efforts of these muscles show that the 
respiratory centre is in a state of activity sending ont impulses to 
them. If the two vagus nerves are cut, these movements con- 
tinue; this shows that afferent impulses from the vagus are not 
essential, As the blood gets more and more venous, the move 
ments become more pronounced. The question has been much 
debated whether this increased activity of the respiratory centre 
is due to increase of carbonic acid, or decrease of oxygen in the 
blood which it receives. ‘The balance of evidence shows that 
the diminution in the oxygen is the more important of the two. 

(2.) In asphyxia, one always gets great increase of respiratory 

ivity, called dyspnoea ; this \s produced Toy Une wivenalating 
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the centre by venous blood. It ix not duc (or not wholly due) 
to the action of the venous blood on the terminations of the vagi 
in the Ings, as the same phenomenon occurs when these nerves 
are cut ; and, moreover, dyspnon takes place if the venous blood is 
allowed to circulate through the brain alone, and not through the 
lungs at all For instance, it ensues when localised venosity of 
the blood is produced in the brain by ligature of the carotid and 
vertebral arteries, 

But, as before stated, the normal activity of the respiratory 
centre i# not automatic, it is reflex, and the principal afferent 
channel is the vague ‘The way in which it works has been made 
out of recent yours by Marckwald, Hering and Head. The 
following is a brief résumé of Head's results. 

His method of recording the movements was by means of that 
convenient slip of the diaphragm which is found in rabbits (see 
P- 353)- 

His method of dividing the vagus was by freezi ; he Jaid 
it across a copper wire, the end of which was placed in a freezing 
mixture. This method is free from the disadvantage which a cut 
with a knife or scissors possesses, namely, 4 stimulation at the 
moment of section, On dividing one vagus, rerpiration became 
slightly slower and deeper; on dividing the secon ve, this 
effect was much more marked, 

On exciting the central end of the divided ner 

increased until at last the diaphragm came to 
‘tory position. But 


the reverse was the case 


stopped in the position of 
stimulation of the superior lat 

Moat of these facts w 
tion of them, in the I 


‘That there are in th vagui 
duces an Shay acti 


part of that centre. a 
produces inspiration ; stimula 
Wh 


inspiratory and expiratory : cia. Tt wa 80 at a 
alternate distension aud cont the air. 
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In one series of experiments positive eentilation was performed ; 
that is, air was pumped repeatedly into the lungs, and so 
increased their normal distension; this was found to decrease 
the inspiratory contractions of the diaphragm, until at last they 
ceased altogether, and the diaphragm stood still in the expiratory 
position (fig. 323, A). 

In a second series of experiments, negative ventilation was per- 
formed ; that is, the air was pumped repeatedly out of the lungs, 
and a condition of collapse of the air-vesicles produced. ‘This was 
found to increase the inspiratory contractions of the diaphragm, 
expiration became less and less, and at last the diaphragm 
assumed the position of inspiratory standstill (fig. 323, B). 








Wig. 325, —Tracings of Qisphragm. The upward movements of the repecerat 
inepiration : the. downwa Bergenents, expiration. A, result of ive, Bh, of 
negative ventilation. (After Head. 


Distension of the air-vesicles therefore stimulates the fibres of 
the vagus which excite the expiratory phase of respiration ; 
collapse stimulates those which excite the inspiratory phase. 

Ordinary respiration is an alternate positive and negative 
ventilation, though not 40 excessive as in the experiments just 
described. Inspiration is positive ventilation, and so provides the 
nervous mechanism of respiration with a stimulus that leads to 
expiration, Expiration is a negative ventilation, and so provides 
the stimulus that leads to inspiration. 

It is probable that of the two sets of impulses, those which 
are started by the inspiratory movement play a more active 
part in the regulation of respiration than those started by the 
expiratory movement. Gad explains the latter by supposing they 
are sippeeue to a cessation of the former, or, im other words, 
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} ‘there ouly exists ono class of afferont fibres in the vagus cou- 
posers eo ani ‘This view has not, however, met with general 
ee eee ee ean oh espextin ta) eek tinoes 
ce eee vee aiee nage vorsventtiaticmeare Kiet 
rapidly and alternately at a mte quicker than the 
cna eat le and expiratory processes are 
respiration ceases for a short time. This 
ee 2h ae eae a This 
{os ray on as bellows fixed to a tube 
in the trachea; or voluntarily by oneself, taking a number of 
deep breaths rapidly, condition, called apnea, is not due, 
a8 at one time supposed, to over-oxygenation of the blood, but 
is produced reflexly. Under normal circumstances arterial blood 
is always fully oxygenated. It is observed if inert gases, like 
slbaogeor teleeeaase ead instead of air. The pause, how- 
ever, i then shorter, as the blood becomes venous, and in a short 
time stimulates the respiratory centre to activity. 
Under abnormal circumstances, namely, after division of the 
‘vagi, apn@a cannot obviously be due to such reflex action. In 
such depressed conditions of the respiratory centre, the blood 
H becomes more venous than normal, and then the rapid inflation 
of the Jungs with air will produce an apnaic condition. Frederieq 







still holds that ordinary apna@a has a chemical rather than 4 
origin. He attributes it, however, not to over-oxygenation, 
but to a lessening of the carbonic acid in the blood. 


Spocial Respiratory Acts. 


Coughing.—In the act of coughing there is first of all a deep 
inspiration, followed by an expiration ; but the latter, instead of 
being easy and uninterrupted, as in normal breathing, is ob- 
structed, the glottis being momentarily closed by the approxima- 
tion of the vocal cords. The abdominal muscles, then strongly 
bea posh up the viscera against the diaphragm, and thus 

make pressure on the airin the lungs until its tension is sufficient 
to noisily open the vocal cords which oppose its outward passage, 
In this way considerable force is exercised, and mucus or any 
other matter that may need expulsion from the air-passages is 
quickly and sharply expelled by the outstreaming current of air. 
The act is a reflex one, the sensory surface which is excited being 
the mucous membrane of the larynx, and the superior laryngeal 
nerve is the afforent nerve ; stimulation of other parts of the 
respiratory mucous membrane will also produce cough, and the 
point of bifurcation of the trachea is specially sensitive, Other 


— 
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sensory surfaces may also net as the" signal xurface” for a cough. 
‘Thus 6 cold draught on the skin, or tickling the external anditory 
meatus, in some people will setupacough, 

Tho question has been discussed whether such na thing as a 
stomach cough exists; it has not been produced experimentally, 
but there is no reason why irritation of the gustrie n 
brane, supplied as it is hy the vagus, should not emu 
act of coughing. 

Sneesing.—The same remarks that app 
almost exactly applicable to the act of sne 
instance, the blast of air, on escaping from the | 
by an instinctive contraction of the pillars of # 
descent of the soft palate, cane through 
offending matter is thence expel! 

The * signal pene nasal mucous: 
but here, as in coughing, other canses (such 9s 
sometimes set the reflex 

Hiccough is an involuntary sudden contraction of the diaphragm 

i 


teristic sound. It arises from 


the soft Bats 
yo inspirations at the 


to inactivity produced 
due to sympathy. 
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in fatty degeneration of the heart. A typical tracing of the 
condition is given above (fig. 324). It is seen to a slight 
extent during ordinary sleep, and is very marked in hibernating 
animals, 

Pembroy and Pitts bave recently taken graphic records of this 


Mig, j2e—Chayne Stokes reapiration in niternating darmensn. The ine marked ‘gives 
ime In-second. Line 1 gives the tracing of a respiratory group which occurred once 
every #0 seconds, the temperature of the animal being 1i"C. Gu warming the animal 

{0 1" G. the respiratory groups became more frequent ( n warming the 
anlmal still further it awakened, and breathing at frst accom anied by abilvering 
Veeatne continuous (Pembrey and Pitts.) 











condition in the hibernating dormouse, hedgehog, marmot, and 
hat. In some cases the respiration has the typical Cheyne-Stokes 
character, with a gradual waxing and waning (fig. 325). In 
other cases periods of respiratory activity alternate with periods 
of apnoss, but all the respiratory efforts are about equal in force. 
(Biot’s respiration.) 








The effect of Respiration on the Circulation. 


As the heart, the aorta, and pulmonary vessels are situated in 
the air-tight thorax, they are exposed to a certain alteration of 
pressure when the capacity of the latter is increased in inspira 
tion; for although the expansion of the lungs tends to counter- 
balance this increase of arca, it never does so entirely, since part 
of the pressure of the air which is drawn into the lungs through 
the trachea is expended in overcoming their elasticity. The 
amount thus used up increases as the lungs become more and 
more expanded, so that the pressure inside the thorax during 
inspiration, as far os the heart and great vessels are concerned, 
never quite equals that outside, and at the conclusion of inspira 
tion is considernbly less than the atmospheric pressure. It has 
been ascertained that the amount of the pressure used up in the 








ore 

» 326.—Dingram of ste ith the effect of inspiration 

TE 22h Sat veasla witli’ toe thocants ois the tones st raah sere QS ts 
ye tn the diaphragm when relaxed; 0’, wl Lo 

eee Seca aioe sere a 
tinh pe 
dart well as, the fangs, and so to. pump io blood thruagh ¥. whereas the valve 
Iehich Ie aking place, (Lando) 





blood into the heart from the veins. With the lungs placed as 
they are, during inspiration the pressure outside the heart and 


diminution of pressure within tho veins passing to the right 
wuricle and within the right auricle itself, will draw the blood 
into the thorax, and so assist the circulation. This suction action 
is independent of the suction power of the dinstole of the auricle 
about which we have previously spoken. The effect of sucking 
more blood into the right auricle will, catteria parihwa, invexenwe 
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the amount passing through the right ventricle, which also exerts 
a similar suction action, and through the lings into the left 
auricle and ventricle, and thus into the aorta. This all tends to 
increase the blood-pressure. The effect of the diminished pressure 
upou the pulmonary vessels will also help towards the same end, 
fe, an inereased flow through the lungs, so that, as fur as 
the heart and its veins are concerned, inspiration increnses the 
blood-pressure in the arteries. The effect of inspiration upon the 
aorta, and its branches within the thorax, would be, however, 
the contrary ; for as the pressure outside is diminished, the vessels 
woukt tend to expand, and thus to diminish the tension of the 














Fig. 327-—Comparinon of blood-pressure curve with curve of imtra-thoracio prouure. (To 
‘be read from left to right.) «# is the curve of blood-pressure with ite respiratory undu- 
lations, the slower beats on the descent being very marked; 3 is the curve of intra 
thoracie preeure obtained by connecting one limb of a manometer with the pleural 
cavity. Inspiration begine xt (and expiration at ¢. ‘The intra-thoracio pressure rises 
‘Yery rapidly after the cowsation of the inspiratory effort, aud then slowly falls as tbe 

i ry effort the fall becomes 











blood within them, but inasmuch as the large arteries are capable 
of little expansion beyond their natural calibre, the diminution of 
the arterial tension caused by this means would be insufficient to 
counteract the increase of blood-pressure produced by the effect 
of inspiration upon the veins of the chest, and the balance of the 
whole action would be in favour of an increase of blood-pressure 
during the inspiratory period. But if a blood-pressure tracing 
be taken at the same time that the respiratory movements are 
being recorded, it will be found that, although speaking generally 
the arterial tension is increased during inspiration, the maximum 
of arterial tension does not correspond with the acme of inspim- 
tion (fig. 327). In fact, at the beginning of inspiration the 














regards the first of these, thi 

cavity of the abdomen is din 
diaphragm—should be two-fold 

be sent upwards into the chest by 

inferior ; on the other hand, the passage of | 
tho chest in the abdominal aorta, an 

Jower extremity, would be to « certain 
ordinary expiration all this would be reversed, 
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museles are violently contracted, as in extraordinary expiration, 
the sume effect will be produced as by inspiration. The effoot 
of the varying intra-thorwcic pressure which occurs during inspira 
tion upon the pulmonary vessels is to produce an initial dilatation 








Fig. j2t—Traube-Hering's curvon. (To be read from left to ight.) The curves 2, 3.3.4 
fund 5 are portions selected from one continuous tracing forming tho record of a pro: 





Tonged observation, #o that the mrreral curves represent succomive stages of the aatoe 
experiment. Each carve ts placed in its proper position relative to the base line, which 
fe omitted : the blood-prowure rises in stages from 1 to 2, 3, and 4, but falls aain in 
stage 5, Curve { is taken from a period when artificial respiration was being kept up, 
but tho vagi having been divided, the puleations an the ascent and descent of the undas 







or, the blood-pressure was still 

still tnore obvioun (5) ¢ wtill 

and the 

y (5), and continued to fall 
M. Boster,) 






both artery and veins, and this delays for a short time the passage 
of blood towards the left side of the heart, and the arterial pressure 
falls, but the fall of blood-pressure is soon followed by a xteady 
rise, since the flow is increased by the initial dilatation of the 
vessels: the converse is the case with expiration. As, however, 
the pulmonary veins and capillaries are more easily dilatable than 
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the pulmonary artery, the greater distensibility increases the Sow 
of blood as inspiration proceeds, whilst during expiration, except 
at its beginning, this property of theirs acts in the opposite 
direction, and diminishes the flow. Thus, at the beginning of 
inspiration the diminution of blood-pressure, which commenced 
during expiration, is continued, but after a tine the diminution 
is succeeded bya steady rise; the reverse is the case with expir- 
tion—at first a rise and then a fall. 

‘The nervous system also plays u part in ey 


alterations quite independent of the caused undula- 
tions of the blood-pressure. It will be noti ‘that the heart 
beats more ray idly during the rise of e than during 
the fall ‘wbich accompanies expiration. is will be seen in 


the tracing (fig. 327, p. 365 ; see also fig. 277, p. 289). This effect 
disappears after section of the vagi (fig. Saale ~ Tt has been 
found that it is reflexly caused, Stimulation of the pulmonary 
branches of the vagus by electrical stimuli, or of pet 
in the alveoli by certain irritating vapours like chloroform or 
bromine, causes a reflex inhibition of the heart; great distension 
of the alveoli has a similar effect, but moderate distension, such 
as occurs during ordinary inspiration, has the opposite reflex effect, 
causing the heart to beat more rapidly. The afferent fibres from 
the pulmonary alveoli epter the bulb by the upper set of the 
rootlets of the combined gl mccessory 
nucleus (the @ group, see p. 252). Somotimes the rootlets of 
this group are three in number, sometimes two; when there 
are two the lower rootlet, when there are three the lower two 
rootlets, contain the fibres in question. (Cadman.) 


Asphyxia. 


Asphyxia may be produced in various ways: for example, by 
the prevention of the due entry of oxygen into the blood, either 
by direct. obstruction of the trachea or other part of the respi- 
ratory passages, or by introducing instead of ordinary air a gus 
devoid of oxygen, or by interference with the due interchange of 
gases between the sir and the blood. 

The symptows of asphyxia may be divided into three groups, 
which correspond with the stages of the condition which are 
usually recognised; (1) the stage of exaggerated breathing; 
(2) the stage of convulsions ; (3) the stage of exhaustion, 

In the first stage the breathing becomes more rapid and at 
the same time deeper than usual, the inspiration at first 
being expecially exaggerated and prolonged. The muscles of 
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extmordinary inspiration are called into action, and the effort 
to respire is laboured and painful. ‘This ix soon followed by « 
similar inerease in the expiratory cffortw, which become exces- 
sively prolongel, being aided by all the muscles of extrordinary 
expiration. Daring this stage, whieh lasts a varying time, from 
a minute upwards, according as the deprivation of oxygen is 
sudden or gradual, the lips become blue, the eyes are prominent, 
and the expression intensely anxious. The prolonged respira- 
tions are accompanied by a distinctly audible sound ; the museles 
attached to the chest stand out as distinct cols. This stage 
inclades the two conditions hyperpnaa (excessive breathing) and 
dyxpwea (diffienlt breathing) which follows later. It is due to the 
increasingly powerful stimulation of the respiratory centre by tho 
increasingly venous blood, 

In the second stage, which is not marked by any distinct 
line of demarcation from the first, the violent expiratory efforts 
‘become convulsive, and then give way, in men and other warm- 
blooded animals, to general convulsions, which arise from the 
further stimulation of the centres. Spasnis of the muscles of the 
‘body in general ocour, and not of the respiratory museles only. The 
convulsive stave is a short one, and laste less than a minute, 

The third stage, or stage of exheustion. In it the respirations 
all but cease, the spasms give way to flaccidity of the muscles, 
there is insensibility, the conjunctive are insensitive and the 
pupils are widely dilated. Lvery now and then a prolonged 
sighing inspiration takes place, at longer and longer intervals, 
until breathing ceases altogether, and death ensues. During this 
stage the pulse is scarcely to be felt, but the heart may beat for 
some seconds after the respiration has stopped. ‘The condition is 
due to the gradual paralysis of the respiratory centre by the 
prolonged action of the increasingly venous blood, This stage 
may last three minutes and upwards. 

The conditions of the vascular system in asphyxia are :— 
(1) More or leas interference with the passage of the blood through 
the systemic and pulmonary blood-yessels ; (2) Accumulation of 
blood in the right side of the heart and in the systemic veins ; 
(3) Cireulation of impure (non-aérated) blood in all parts of the 
body. 

After death from asphyxia it is found in the great majority of 
eases that the right side of the heart, the pulmonary arteries, and 
the systemic veins are gorged with dark, almost black, blood, aud 
the left side of the heart, the pulmonary veins, and the arteries 
are empty. The explanation of these appearances may be thus 
summarised: when oxygenation ceuses, venous blood at. first 


eP, ne 
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yaszes freely through the lungs to the left heart, and s0 to the 
yroat arteries’ When it reaches the arterioles either by its 
direct action upon their muscular tissue, or more probably 





@, aorta ” artery; yp.» pulmonary ite 
Fs ti wend Wi, fing vena cava; v.c.n,, ascending Vena 


through the medium of the vaso-motor centres, the arterioles 
contract, particularly’ those of the splanchnic area, the blood- 








beart in thofinal stage of asphyxia. ‘Tho letters have the same 
. 329; in addition, p.c. represents the pulmor espillarics, The right 
ventricle, and the peimonary artery, are fully distended, while the bof cates of 
the heart and the aorbe are nearly empty. (Bir George Johnsen.) 


pressure rises, and the left side of the heart becomes distended. 
Although the arterioles are contracted, the highly yenous blood 
is allowed to pass through them, and, favoured by the laboured 








asnista in bringing about a distended condition of the right heart 
and pulmonary ,and,on the other hand, produces a diminished 
blood-flow through the pulmonary veins into the left side of the 
heart. The main cause, however, of the distended state of these 
parts, is due to the fact that the suction action of the left ventricle 
diminishes as asphyxia progresses, and so the blood accumulates 
in the right heart and veins. In the third stage of asphyxia the 
left side of the heart therefore gets into the empty condition in 
which it is found after death. (See figs, 329 and 330.) 

In the first and second stages of asphyxia the arterial blood- 
pressure continuously rises until it reaches a point far above the 


normal, and in the third stage blood-pressure falls rapidly. A 
tracing of the arterial pressure is shown in fig. 331. 


Effects of Breathing Gases other than the Atmosphero. 


‘The diminution of oxygen hag a more direct influence in the 
juction of asphyxia than the increased amount of carbonic 
acid, Indeed the fatal effect of carbonic acid in the blood when 
a due supply of oxygen is maintained, resembles rather the action 
of ® nareotic poison than it does asphyxia. 
‘Then again we must carefully distinguish the -asphyxiating 
effect of an insufficient supply of oxygen from the directly 
action of such a gas as carbonic oxide, which is 
contained to & considerable amount in common coal-gas. The 
fatal effeets often produced by this gas (as in accidents from 
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burning charcoal stoves in small, elose rooms), are due to its 
ontering into combination with the hemoglobin of the blot 
corpuscles and thus expelling the oxygen. Hydrogen may take 
the place of nitrogen ides nh kent Speen ag 
with no marked ill effect. Sulphuretted 

with the oxygenation of blood. Nitrous oxide acts ante 
on the nervous system as a narcotic. Certain gases, such as 
carbon dioxide in more than « certain proportion ; sulphurous 
and other acid gases, ammonia, and chlorine prodnce spas- 
modie closure of the glottis, and are irrespirable. 


Alterations in the Atmospheric Pressure. 


The normal condition of breathing is that the oxygen of the air 
Ureathed should be at the pressure of } of the atmosphere, viz. Sof 
760 mm. of mercury, or 152 mr., but considerable variations may 
occur without producing ill effects, ‘This is due to the fact that 
the blood gases are mostly in a state of chemical combination, not 
of simple solution. Variations beyond certain limits ore, however, 
fatal, When the tension of oxygen exceeds 34 atmospheres (i, in 
air at a pressure of 17 atmospheres), slow but powerful 
(narcotic) effects are produced on all living matter, (Bert.) The 
excised sartorius is paralysed by about half an hour’s exposure to 
80 atmospheres of oxygen; and the excised frog’s heart ceases 
to beat in about two hours under the same conditions, It is 
dangerous for men to work in caissons where the atmospheric 
pressure is greater than 4 atrnospheres, Even lower pressures 
may be followed on ‘decompression ” (i.¢, on coming out of the 
inereased pressure), by what are called “bends,” that is, pains in 
the joints and muscles, by paralysis, and auditory symptoms such 
as deafness and vertigo, Tho cause of such symptoms is probably 
the setting free of bubbles of nitrogen in the lymph spaces and 
capillaries ; any oxygen set free is rapidly reabsorbed by the 
blood. Capillary embolism from gas bubbles in the central 
nervous system is the most probable cause of the paralysis. 
(Bert.) Oxygen poisoning may be a secondary cause of the 
symptoms. Short shifts are esential for caisson workers, for 
then the body has not time to become saturated with gas at the 
caisson pressure. 

A toad was but slightly affected by 5 minutes’ exposure to 
20 atmospheres of oxygen, but after 4o minutes on “decom- 
pression” it went into tetanic convulsions and died; the heart 
was distended with frothed blood; bubbles of gus were in all the 
Jymph spaces, in the anterior chamber of the eye, and other warts. 
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A mouse in a similar high pressure is narcotised, and on “ decom- 
pression” convulsions and death ensue, (L. Hill.) Prolonged 
exposure to 2 atmospheres of oxygen is followed by pneumonia, 
(Larrain Smith.) Mechanical pressure by itsolf hns little or no 
influence ; thus frog's muscle is not injured by exposure to fluid 
pressure in salt solution equal to 400 atmospheres, Crustacea 
‘are found alive on marine telegraph cables at a depth where the 
pressure is as great. 

Turning now to diminution of pressure, we find that “mountain 
sickness” occurs at the height of 4,800 metres, the summit of 
Mt. Blanc. Here the atmospheric pressure is 418 mm. of mercury, 
and the pressure of oxygen is only 11°53 per cent, of an atmo- 
sphere. The malady is increased by muscular effort, and is due 
to want of oxygen. In those who habitually live in high altitudes, 
the number of red blood corpuscles is said to be increased. Crocé- 
Spinelli, the balloonist, perished at an altitude of 8,600 metres, 
where the tension of oxygen would be 7 per cent. of an atmosphere. 
His companion Tissandier recovered. In such cases muscular 
paralysis occurs before loss of consciousness. Higher ascents 
could be made by aéronauts if they breathed oxygen from a gas 
eylinder. (Bert.) That death is due to want of oxygen and not 
to the setting free of gas bubbles in the blood is shown by the 
following fact: 4 sparrow liyed in pure oxygen at 95 mm. of 
mercury pressure. Haldane has shown that animals ean live in 
two atmospheres of oxygen after all the hemoglobin is taken up 
by carbonic oxide, for then sufficient oxygen is dissolved in the 
blood-plasma, 


‘The foregoing pu ph is written largely from notes kindly provided me 
by Dr. teonard HIM FARS,, who has recently been werking: at thie subfect 


in comnection with “caisson disease.” I have to thank him for allowing me 
to quote some of his unpublished experiments, 





Cumustay or Respiration. 


‘The atmospheric air does not to any great extent penetrate beyond 
the bronchial tubes ; the gases which get into the smaller tubes 
and air-vesicles do #0 principally by diffusion. The most vigorous 
expiratory effort is unable to expel the alveolar air. This air and 
the blood in the capillaries are separated only by the thin eapil- 
lary and alveolar walls The blood parta with its excess of car- 
bonie acid and watery vapour to the alveolar air; the blood at 
tho same time receives from the alveolar air a supply of oxygen 
which renders it arterial. 

The intake of oxygen is the commencement, and the output 
of carbonic acid is the eud of the series of changes known 86 
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respiration. ‘The intermediate steps take place all over the body 
and constitute what is known as tisswerespiration. The oxygen 
which goes into the blood is held there in loose combination 
as oxyhwmoglobin. In the tissues this substance parts with its 
respiratory oxygen. The oxygen does not necessarily undergo 
immediate union with carbon to form earbonic acid, and with 
hydrogen to form water, but in most cases, as in muscle, is held 
in reserve by the tiksue itself. Owing to this reserve oxygen, a 
musele will contract in an atmosphere of pure nitrogen and yet 
give off carbonic acid; and a frog will live under the same 
conditions and give off carbonic acid for several hours. Besides 
carbonic acid and water, certain other products of combustion are 
generated ; those like urea and uric acid, which are the result of 
nitrogenous metabolism, ultimately leave the body in the urine. 
‘The carbonic acid and a portion of the water find an outlet by 
the lungs. 

Inspired and Expired Air.—The composition of the in- 
spired or atmospheric air and the expired air may be compared 
in the following table :— 

— Tnepined afr. | Bxpiced sir, 





Oxygen . |) 20°96 vols. per cont. | 16°03 vols. per cent. 
Nitrogen. 8 ae * 
Carboni ; 06 Sa cesta pian ® 
Watery vapour variable saturated 
Temperature .; that of body (36°C) 


The nitrogen remains unchanged. The recently discovered gases 
argon, erypton, &e., are in the above table reckoned in with the 
nitrogen. They are, however, only present in minute quantities. 
The chief change is in the proportion of oxygen and carbonic 
acid. The loss of oxygen is about 5, the gain in carbonic acid 
about 4°5. If the inspired and expired airs are carefully measured 
at the same temperature and barometric pressure, the volume of 
expired air is thus found to be mther less than that of the 

7 he conversion of oxygen into carbonic acid would not 
any change in the volume of the gas; for a molecule of 
on (O,) would give rise to a molecile of carbonic acid (CO,) 
which would occupy the same volume (Avogadro's law). It must, 
dd that carbon is not the only element 
‘at and proteid contain a number of atoms 


















however, be remember 
which is oxidised 








* ‘This diminution of volume Will cawec a sly vise bu Lue yroyartionate 
volume of nitrogen per cent, 





‘CHEMISTRY OF RESPIRATION, 375 


of hydrogen, which, during metabolism, are oxidised to form 
water; a small amount of oxygen is also used in the formation 
erat Carbohydrates contain sufficient oxygen in their own 
molecules to oxidise their hydrogen; hence the apparent loss of 
oxygen is least when a vegetable diet (that is, one consisting 
largely of starch and other carbohydrates) is taken, and greatest 


5 . CO, given off 
when much fat and proteid are eaten, The quotient i, aweceed 


Normally it is £5 


















is called the respiratory quotient, =0'9, but 


‘it varies considerably with diet as just stated. It varies also with 

muscular exercise as the output of carbonic acid is then increased 
f ‘both absolutely and relatively to the amount of oxygen used up. 
: ‘The amount of respiratory interchange of gases is estimated by 
enclosing an animal in an air-tight chamber, except that there ix 








a tube entering and another leaving it; by one tube oxygen or 


<— 








‘Pig. 332. —Haldave's apparotns for estimating the carbonic vil and ayjueous vapour given 
‘off by an animal, 
air can enter and is measured by a gus-meter as it passes in. 
‘The air is drawn through the chamber, and leaves it by the other 
tube ; this air has been altered by the respiration of the animal, 
and in it the carbonic acid and water are estimated ; the carbonic 
acid is estimated by drawing the air through tubes containing a 
known amount of an alkali; this combines with the carbonic acid 
aud is increased in weight: the increase in weight gives the 
amount of carbonic acid ; the alkali used in Regnault and Reiset's 
apparatus was potash ; Pettenkofer used baryta water; Haldane 
recommends soda-lime. The water is estimated in tubes containing 
pumice moistened with sulphuric acid. 

‘The accompanying drawing (fig. 332) shows the essential part 
of the simple but effective apparatus used by Haldane. ‘The 
animal is placed in the vessel a; is sucked through the 
Apparatas (which must be perfectly uir-tight) by a water pump 
at a suitable rte. The arrows indicate the direction in whieh 
the air passes, Ib yoes first through two Woultf’s bottles, 1 
and 2, No. contains soda-lime, which frees the aiv fcow 


die 
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carbonic acid; No. 2 contains pumice stone moistened with 
sulphuric acid, which frees the sir from aqueous vapour. The 
air next reaches the animal chamber, and the snimal gives off wo 
it carbonic acid and aqueous vapour. It passes then through the 


‘The increase of weight in bottle 3 at the end of a given time 
(eg. an hour) is the weight of water given off by the animal in 
that time; the increase of weight in bottles 4 and 5 weighed 
together gives the amount of carbonic acid produced by the 
animal in the same time. 


78 from that of the fat. 

Viorordt from a number of experiments on human beings gives 
the following numbers: the amount of oxygen absorbed in the 
twenty-four hours, 744 grammes; this loads to the formation of 
900 grummes of carbonic acid (this contains about half a pound 
of carbon) and 360 grammes of water. 

The respiratory interchange is lessened during sleep. It is 
especially small in the winter sleep of hibernating animals. 


Circumstances affecting the ameunt of carbonic avid erereted, (a) Age 
ani see, Tn males the quantity increases with growth till fhe age of 30; at 
50 it begins to diminish again. In females the decrease begins when 
inenstruation ceases. In females the quantity exhaled is always les than 
in males of the same age. 

(b) Respiratory movements.—The quicker the respiration the smaller is 
the propartionate quantity of carbonic acid in each volume of expired air. 
The total quantity is, however, increased, not because more is formed in the 





tissues, but more is got rid of. ‘The last portion of the expired air which 
comes from the more remote parts of the lungs is the richest in carbonic 
acid, 





including the formati 
poded at it fs just the reverse; in cold 
ehas to be kept at the normal level, and so 














ease which usually comes on about an 
Moderate exercise causes an increase of abont 30 to 40 
met 


cont, in the amount excreted. With excessive work, the iereaae: 
greater, 
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_ Diffusion of Gases within the Lungs.—If two chambers 
ga mixture of gases in unequal smount ure connected 
togethen-e:slowimoremenb called diffusion takes place until the 
percentage amount of each gas in each chamber is the same. Let 
Us Suppose that one chamber contains a large quantity of oxygen 
‘and a small quantity of carbonic acid ; and the other a small 
it i i the 
oxygen moves from the first to the second, and the carbonic acid 
from the second to the first chamber. The pressure of a gas is 
to the percentage amount in which it is present in a 
mixture. This ix true for cach gas in a mixture, the presence of 
the others making no difference. 
‘In the atmosphere, for instance, the total barometric pressure 
is 760 mm. of mercury; the amount of oxygen in the air is 
roughly one-fifth, and the pressure it exercises is also one-fifth 
of 760; the nitrogen accounts for the other four-fifths. The 
carbonic acid is present in such small quantities that the pressure 
it exercises is only « fraction of a millimetre. 
Tn the alveolar-air, however, the carbonic acid is present in 
larger and the oxygen in smaller amount; and in the intermediate 
‘air pussages there is an intermediate condition: hence as in the 
two chambers we first considered, oxygen diffuses down to the air 
vesicles, and carbonic acid from them. ‘These slow movements of 
ditfusion are assisted by the large draughts which are created in 
the upper respiratory trict by the respiratory movements of the 
chest. 














Gases of the Blood.—From too volumes of blood, about 60 
volumes of gas can be removed by the mercurial air-pump. The 
average composition of this gas in dog's blood ix 

Arterial bloot 
20 






Carbnies > 

‘The nitrogen in the blood is simply dissotred from the air just 
as water would dissolve it; it hus no physiological importance. 
The other two gases are present in much greater amount than can 
be explained by simple solution; they are, in fact, chiefly present 
in loose chemical combination Less than one volume of the 
oxygen and about two of carbonic acid are present in simple 
solution in the plasma. 

Oxygen in the Blood.—The amount of gas dissolved in a 
liquid varies with the pressure of the gas; double the pressure 
aud the amount of gas dissolved is doubled, Now this does not 
occur in the case of oxygen and blood ; very nearly the sane 





— 










ment. The tension or partial pressure of oxygen in the air of the 
alveoli is less than that in the atmosphere, but greater than that 


globin, aud thus leaves the plasma free to absorb more oxygen ; and 
this goes on until the hemoglobin is entirely, or almost entirely, 
saturated with oxygen. The reverse change occurs in the tissue: 
when the partial pressure of oxygen is lower than im the plasma, 
or in the lymph that bathes the tissue elements; the plasms 
parts with its oxygen to the lymph, the yoo to the tissues 
the oxyhwmoglobin then tudergoss dissociation leper is ‘more 


once more. This goes on until the parle rit loses a great 
portion of its store of oxygen, but even in asphyxia it docs 
not lose all. 


Extemalair =... -s 2096 
Alveolar air: to Ot aS 
Arterial blood 25. 8 ag 
Tarte ks 


The arrow shows the direction in which the gas passes, 

When the gases are being pumped off from the blood, very 
little oxygen comes off till the pressure has been greatly reduced, 
and then, at a certain point, it is disengaged at a burst. This 
shows that it is not in simple solution but is united chemically to 
some constityent of the blood, which is suddenly dissociated at the 
reduced pressure. This constituent of the blood is hemoglobin. 

The avidity of the tissues for oxygen is shown by Ebrlich's 
experiments with methylene blue and similar pigments. Methy- 
lene blue is more stable than oxyhwemoglobin ; but if it is injected 
into the cireulation of a living animal, and the animal killed 
a few minutes later, the blood is found dark blue, bat the organs 
(especially those which like glandular organs are in @ state of 
activity) colourless. On exposure to oxygen the argans become blue. 
In other words, the tissues have removed the oxygen from methylene 
blue to form a colourless reduction product ; on exposure to the 
air this once more unites with oxygen Vo Torn menylene Vane, 








gas is high: these pass into the lymph, then into the blood, aud 

vr festhelhesgn they undergo dissociation, carbonic acid passing into 

alveolar air, where the tension of the gas is comparutively 

Ales More Bi sy resian Lore than in the expired air. 

‘The relations of this gas and the compounds it forms are more 

semi tn he If blood is divided into 

patna corpuscles, it will be found that both yield carbonic 

pany cro the yield from the plasma is the greater. If we place 

ee bees ina vacuum it bubbles, and gives out all its gases; addi- 
| 
J 









tion of a weak acid causes no further liberation of carbonic acid. 
When plasma or serum is similarly treated the gas also comes off, 
but about 5 per cent. of the carbonic acid is fixed—that is, it 
aires the addition of some stronger acid, like phosphoric acid, 
caste it. Fresh red corpuscles will, however, take the place 
the phosphoric acid, and thus it has been surmised that 
oxyhamoglobin has the properties of an acid. 

One hundred volumes of venous blood contain forty-six volumes 
of carbonic acid. Whether this is in solution or in chemical 
combination is determined by ascertaining the tension of the 
gas in the blood. One hundred volumes of blood-plasma would 
dissolve more than an equal volume of the gas at atmospheric 
pressure, if its solubility in plasma were equal to that in water.* 
If, thon, the carbonic acid were in a state of solution, its tension 
would be very high, but it proves to be only equal to 5 per cent. 
of an atmosphere. This means that when venous blood is brought 
into an atmosphere containing 5 per cent. of carbonic acid, the 
blood neither gives off any carbonic acid nor takes up any from 
that atmosphere. Hence the remainder of the gus, 95 per cent., 
is in a condition of chemical combination, The chief compound 
appears to be sodium bicarbonate. 

The carbonic acid and phosphoric acid of the blood are in a 
state of constant struggle for the possession of the sodium, The 
sults formed by these two acids depend on their relative masses. 
IE carbonic acid is in excess, we got sodium carbonate (NagCOy), 
and monosodium phosphate ( 5 but e carbonic acid 
is diminished, the phosphoric acid obtains the greater share of 
sodium to form disodium phosphate (NayHPO,). In this way, as 
soon 18 the amount of free carbonic acid diminishes, as in the 


* To be exact, = solubility of carbon dioxide in plasma is a Little lew 
thao ip pare water. 
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Jungs, the amount of carbouie acid in combination also decreases ; 
whereas in the tissues, where the tension of the gas is highest, 
a large amount is taken up into the blood, where it forms sodium 
bicarbonate. 

The tension of the carbonic acid in the tissues is high, but ove 
cannot give exact figures ; we can moasure the tension of the gas 
in certain secretions: in the urine it is 9, in the bile 7 per cent. 
The tension in the cells themselves must be higher still. 

The following figures (from Fredericq) give the tension of 
carbonic dioxide in percentages of an atmosphere =— 


Tiss got ty Ate neg Bud 
Venous blood » 7B to 54 bin dog. 
Alveolar air poe Spee Rh 
Externalair 5 O03 


The arrow indicates the direction in whieh the gus passes, 
namely, in the direction of pressure from the tissues to the 
atmosphere. 

In some other experiments, also on dogs, the following are the 
figures given >— 


Arterial blood ee 
Venous blood 5 
Alveolar air. a ae 356 
Expired air» : Fe 


Tt will be seen from these figures that the tension of carbonic 
acid in the venous blood (5-4) is higher than in the alveolar air 
(3°56) ; its passage into the alveolar air ix therefore intelligible 
by the laws of osmosis, Osmosis, however, should cease when 
the tension of the gas in the blood and alveolar air are equal 
But the transference goes beyond the establishment of such an 
equilibrium, for the tension of the gas in the blood continues to 
sink until it is ultimately less (2°8) than in the alveolar air. 

The whole question is beset with great difficulties and contra- 
ictions. Analyses by different observers have given very 
different results, but if such figures as those just quoted 
are ultimately found to be correct, we can only explain this 
apparent reversal of a law of nature by supposing with Bohr 
that the alveolar epithelium possesses the power of excreting 
carbonic acid, just ax the cells of secreting glands are able 
to select certain materials from the blood and reject others. 
Recent work by Bohr and Haldane has also shown that in all 
probability the same explanation—epithelial activity—iust be 
culled in to account for the absorption of oxygen. In the switn 
bladder of fishes (which is analogous to the lungs of mammals) the 
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oxygen is certainly far in excess of anything that can be explained 
by mere diffusion. The storage of oxygen, moreover, ceases when 
the vagus nerves which supply the swim-bladder are divided, 
‘Tissuo-Respiration.—Hefore the processes of respiration wero 
fully understood the Iungs were looked upon as the seat of 
combustion ; they were regarded as the stove for the rest. of the 
body to whieh effete material was brought by the venous blood to 
be burnt up. When it was shown that the venous blood going 
to the Iungs already contained carbonic acid, and that the 
temperature of the lungs is not higher than that of the rest 
of the body, this explanation had of necessity to be dropped. 

Physiologists next transferred the seat of the combustion to 
the blood ; but since then numerons fects and experiments have 
demonstrated that it is in the tissues themselves, and not in the 
blood, that combustion occurs. ‘The methylene-blue experiments 
already described (p. 378) show this ; and the following experiment 
is also quite conclusive. A frog can be kept alive for some time 
after salt solution ia substituted for its blood. The metabolism 
goes on actively if the animal is kept in pure oxygen. The 
taking up of oxygen and giving out of carbonic acid must there- 
fore occur in the tissues, as the animal has no blood. 

Ventilation.—It is necessary to allude in conclusion to this 
very important practical outcome of our consideration of 
- respiration. 

Some Continental observers have stated that certain noxious 
substances are ordinarily contained in expired air which are much 
more poisonous than carbonic acid, but researches in this country 
have failed to substantiate this. If precautions be taken by 
absolute cleanliness to prevent admixture of the air with exhala~ 
tions from skin, teeth, and clothes, the expired air only contains 
one noxious substance, and that is carbonic acid. 

Absolute cleanliness is however not the rule; and the air of 
rooms becomes stuffy when the amount of expired air in them is 
just 50 much as to raise the percentage of carbonic acid to ovr 
per cent. An adult gives off about o°6 cubic feet of carbonic 
acid per honr, and if he is supplied with 1,000 cubic feet of fresh 
air per hour he will add 06 to the o°4 cubic feet of carbonic 
acid it already contains; in other words the percentage of that 
gas will be raised to o-r. An hourly supply of 2,000 cubic feet of 
fresh air will lower the percentage of carbonic acid to o'o7, and 
of 3,000 cubic feet to 0°06, and this is the supply which is usually 
recornmended. In order that the air may be renewed without 
giving rise to draughts, each adult should be allotted sufficient 
space in & room, at least 1,000 cubic feet, 
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Ab Geissler, the 
invita tha eine a eh aye 
sented in fig. 333. It iste of two. 






Pig, 333.—Ladwig's merourial pumps. Pig. a54.~1. Mill's air-pormp, 


a morable glass globe, Jf, similar to Z, by means of the stopoock, 77, ard the 
stout india-rubber tube, A. 

In order to work the pump, Z and Mare filled with mmeneury, the blood 
from which the gases are to be extmeted is placed in the J, the 
stopeocks, H, £, J, and H, being open, und @ closed. Mf in raised by means 
of the pulley until 7" is full of mercury, and the air i driven out, 24s thes 
closed, and Z is raised so that C becomes full of mercury, and the alr ie 
driven off. 8 is then closed. On lowering Z the mereary runs into it from: 
C,and a vacuum is established in C. On opening B and lowering, af, a 
vacuum is similarly established in F ; it Gis now ayensd,Xise Wined wa Kwak 
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enter into eballition, ee ee eae cand Gand oo ee 
M and then J, the stopoock and @ closed, the gas is driven: 
through A, and. is received into the recelver over mercary, By repeating the 
it several times the whole of the gases of the specimen of blood ts 
eo vairpumn i ) devised by Leonard Hill will be, 
ory amp (fig. 334 y wi 
amply uit for Tt consists of throe glass bulbs. 
(BB), wh a will eall tne Hood beth ¢ thls is coro nbove bs a ploce of 
sales: this is connected by good india-rabber tubing to another 
Sate ‘vhore is 





unites d tothe tnbe ¢, when the atop- 
cocks turned throngh a right angle, 
in intermediate positions, the stop- 
Pais exis ob sat spperaine bows 
to ‘of the apparatus above 
its a reniesied ey cating tora 
receiver, , which can be mised or 
aaa at will At first the whole 
jus is fillod with mercury, R 
fee ‘Then, # being closed, 
pr lowered, aud when it is more 
the height of the barometer 
& on below the top of B.B. 
bath eo ole Me La 
empty ; lowering R st 
peer thes A also be rendered a 


A fow of mercury 
Santa BB. BA is 


inserted fin an artery == vein of a 
living axiual, EBnongh blood is 
witl wo to fill about half of one 
iy inet ih the ew se 
SY it with the few dro) 
heft in the bulbs, It 
aie ee in; the pee eof 
the amount 0 Pig. 335.-—Waller’ tus fi 
Webs ehciapinvestigatea. Bes an a a a 
yo once more en os the ra 
apparatus, lownwards, as in the side drawing in fig. 334, and 
the Hoe Bot these pass into d, which faa teas a aaa 3 
and then, by raising BR again, the mercury rises in d, pushing the gases in 
front of it, through the tube, ¢ (the stopcock being’ turned in tho proper 
direction), into the sae , which has been filled with and placed 
over mercury. ‘The gas can then be measured and analysed. 
Gas analysis. —' analvela— jars many" pleces of! 3 spparsion devised for this 
in wever, wo have generally to deal with only three 
faut Paloma a carbonic acid. S ¥ 
Mabalficntion of Zunte’s more complete apparatus will be found 
‘PM mediation of 2 analysis, say, of the expired air, or of Yhe oer 
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qasea, A 100 ¢.0, measaring-tabe graduated in tenths of a cubic centimetre 
hetween 71 Pep bare pe Rea Sat an le rl 
up a3 in the diagram v 

Tits tint with lated water ap acral a 

the filling bulb, tap ¢ being opem. It is then filled with too cc. 

tir, the a ‘bulb being lowered till the Bald in the tabe bas fallen to the 
100 mark. tis now closed, The amount of carbonic acid in the expirot 
air is next ascertained ; tap 2 is opened, and the ale is expelled Into the gas 
pipette containing strong caustic potash solation by rising the filing bulb 
until the fluid has risen to the zero mark of the measuring tube. Tap 2 & 
Se eT Te oe uipeatgena ben Una 


drawn back into the measuring tube & Pigokt ve ling: baits ‘The 
volame of alr (minus the carbonic acid) is } the filling balb being 
adjusted so that its contenta are at the same level ax the flail in the 
measuring taba. The amount of oxygen is next ascertained in a procierly 
similar manner by sending the air into the other ipette, which contains 
sticks of phosphorus in water, and measnrit of volume (dee to 
absorption of oxygen) in the air when dmwn back into the tabe. 


CHAPTER XXY. 
THE CHEMICAL COMPOSITION OF THE BODY. 


Tus body is built up of « large number of chemical elements, 
which are in most instances united together into compounds, 

The elements found in the body are carbon, nitrogen, 
hydrogen, oxygen, sulphur, phosphorus, fluorine, chlorine, iodinp, 
silicon, sodium, potassium, calcium, magnesium, lithium, igon, and 
occasionally traces of manganese, copper, and lead. 

Of these very few ocour in the free state. Oxygen (to a small 
extent) and nitrogen are found dissolved in the Hood 5 hydrogen 
is formed by putrefaction in the alimentary canal. With some for 
exceptions such as these, the elements enumerated above are found 
combined with one another to form what are called 

‘The compounds, or, as they are generally termed in physio 
logy, the proximate principles, found in the body are divided into— 

(1) Mincral or organic compounds. 

The inorganic compounds present are water, vari 
(such as hydrochloric acid in the gastric juice), ammonia (as in 
the urine), and numerous salts, such as calcium phosphate in 
bone, sodium chloride in blood and urine, and many others. 

The organic compounds are more numerous; they may be 
subdivided into— 
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1, Various groups of alcohols and organic acids, and their com- 
pounds, such a8 the fats and carbohydrates, 
FM Various derivatives of ammonia, amides, amines, urea, ke, 


3. Aromatic or derivatives of benzene 
+ ‘most important of all, and substances allied to 
proteids, like the albuminoids, pigments, and ferments, 


Many of these substances we shall study with the blood, food, 
urine, &e, 
A more convenient practical method of grouping physiological 
‘proximate principles is the following :— 
Water. 
Inorganic =... Salts ). chlorides and phosphates of sodium 


and calcium. 
Proteids—eg. albuinin, myosin, casein. 





4 ‘Albuminoide—eg. gelatin, chondrin, nuclein, 
Nitrogenous_ . ae Kiajcheat Sains =ag7? leelebin, 
a Fite—eg. . butter, tats of apa tue 
sugar, 
Non-nitrogenous Simple orgonie dtc Guotesteriay Iastle 
acid 


Many of the substances enumerated above only occur in small 
quantities. The most important are the inorganic substances, 
water and sgltz; and the organic substances, proteids, earbo- 
Aydrates, and fate It is necessary in our subsequent study of 
the principles of chemical physiology that we should always keep 
in mind this simple classification; the subdivision of proximate 
principles into proteids, fats, and carbohydrates forms the 
starting-point of chemical physiology. 


Carbohydrates, 


‘The carbohydrates are found chiefly in vegetable tissues, and 
many of them form important foods, Some carbohydrates are, 
however, found in or formed by the animal organi: ‘The most 
important of ey are glycogen, or animal starch ; dextrose ; and 
tactose, or milk sugar. 

The carbohydrates may be conveniently defined as compounds 
of carbon, hydrogen, and oxygen, the two last-named elements 
being in the proportion in which they occur in water.* 

They may be for the greater part arranged into three groups 
according to their empirical formule. The names and formule 


Ay ‘This definition is only a rough one, and if pushed too far would include 
several oe like acetio acid, lactic , and inosite, which are not 
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of tee groupe and Satin eater 
follows :— 





The + and — signs in the above list indicate that the sub 
stances to which they are prefixed are dextro- and levo-rotatory 
respectively as regards polarised light. (See Polarimeter, p. 402.) 

The formule given above are merely empiri and there i 
no doubt that the quantity » in the starch group is variable and 
often large; hence the name polysaccharides that is given to 
the group. Research has, moreover, shown that the 

sj ehydes or ketones of hexatomic aloohols CgH OH), 


lextrose is. the ea of sorbite, levulose the xetone 0 of 


antities in the blood and numerous 
d fluids of the body, It is the form of sugar 
tities im the blood and urine in the disease 


in of cupric to cuprons salts 
performed as follows: put a 
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On boil gs solution of dextrose with an alkaline salution of 
P wid, a dark red_opaque solution due to reduction to 


) vieramie sid is produced. 
\portunt property of grape sugar is that under the 


_ influence of yeast it is converted into alcohol and carbonic acid 
A alas iene 

Dextrose may be estimated by the fermentation test, by the 
polarimeter, and by the use of Febling’s solution. "The last 
method ix the most important: it rests on the same principles as 
Trommet’s test, and we shall study it in connection with diabetic 
urine, 





Leyulose.—When cane sugar is treated with dilute mineral 
acids it undergoes « process known as inversion—ie., it takes up 
‘and is converted into equal parts of dextrose and levulose. 
previously dextro-rotatory solution of cane sugar then 
Macrae leyo-rotatory, the lovo-rotatory power of the levulose 
being greater than the dextro-rotatory power of the dextrose 
formed, Henco the term tnversion. Similar hydrolytic changes 
are produced by certain ferments, such as the invert ferment of 
the intestinal juice. 
Pure levulose can be crystallised, but so greut is the difficulty 
of obtaining crystals of it that one of its names was wnerystallis- 
Small quantities of levulose have been found in 
urine, and muscle. It has been recommended as an article 
of diet in diabetes in place of ordinary sugar; in this disease it 
does not appear to have the harmful effect that other sugars 
‘produce. Levulose gives the game general reactions as dextrose. 
Galactose is formed by the action of dilute mineral acids 
or inverting ferments on lactose. It resembles dextrose in its 


action on polarised light, in reducing cupric salts in Trommer’s 
test, und in being directly fermentable with yeast. When 


oxidised by means of ni id it yields an acid called mucre 

ad (ao, Which is only slightly. soluble in water, Dextrose 
EA treated in this way yields nn isomeric acid—i.e,, an acid 
with the same empirical formula, called aaccharic acid, which is 
very soluble in water, 

Cane Sugar is gonerally distributed in the vegetable kingdom, 
bat especially fn the juices of the gugar cane, beetroot, mallow, 
et Sugar maple It is a substance of great importance as a 

Pisoni inversion in the alimentary canal. It is 

al tro-rotatory. With Trommer’s test it gives 

in blue solution, but no_redu ng_reduction occurs in boiling, After 
inversion it is, of course, strongly reducing. 

Inversion may be accomplished by boiling with dilute mineral 

cot 
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SAM eater of Het tochEa 
Saad, + ey +a 
With yeast, cane sugar ‘by means of a special 


soluble ferment secreted by the yeast cells, and then there is ax 


slocholle fermentation af the glaoases so formed: 
Lactose, or Sugar, moilk. It is 


found in the urine of women in day or 

after weaning. It is crystallisable, d a 

soluble in water than other sugars, cad ben salt = digs 

taste. It gives Trommer’s sab ‘but when the st is 

tested quantitatively by Felling’s solution it is y 

powerful reducing agent than dextrose, in the riot 
When hydrolysed by similar agencies as those men’ 


connection with cane sugar it takes up water and splits into 
dextrose und galactose. 


CyBhsOy + HAO = Cathady + Gell Oe. 
With yeast it is first inverted, and then aleghol is formed. This, 


however, occurs slowly. 
‘The lactic acid fermentation which occurs when milk turns sour 


is brought about by lactic acid micro-o which are some- 
what similar to yeast cells. Putrefactive bacteria in the intestine 
bring about the same result. The two stages of the lactic acid 
fermentation are represented in the following equations ;— 


an OHO +HO= = HO 





CHO, = 20,H,0, + 400, 4 4H 
(3 ACOs aC AHO 4 Lt 4H. 
Maltose is the chicf end product of the action of malt diastase 
on starch, and is also formed as an intermedi uct in the 


action of dilute sulphuric acid on the same substance, It ix 
the chief sugar formed from starch by the dinstatio ferments 
contained in the saliva and pancreatic juice. An isomeric sugar 
called iso-maltose is also formed under the same circumstances 
It can be obtained in the form of acicular crystals, and ig strongly 
dextro-rotatory. It gives Trommer’s test ; but its 
4s measured by Fehling’s solution, is on e-thind less than that of 
dextrose. 

By prolonged boiling with water, or, move readily , sg waiting, 
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with a dilute mineral said, or hy means of an inverting ferment, 
such a8 occurs in the intestinal jnice, it is converted into dextrose, 


©, 
ce 





Tt undergoes readily the alooholic fermentation. 

Phenyl hydrazine test.— The three important reducing 
sugars with which we have to deal in physiology are dextrose, 
lactose, and maltose. ‘They may be distinguished by their rela- 
tive reducing powers on Febting’s bet or by the characters 
of their osazones, The in each case by adding 
Phenyt hydrazine byiroshloride aa sodium acetate, and boiling 

ixture for ‘an_hour, In h cise the ogazone is de- 

ited in the form of bright canary-coloured, needle-like crystals, 

usually in bunches, which differ in their crystalline form, melting- 
point, and solubilities, 

Starch is widely diffused through the vegetable kingdom. It 
occurs in nature in the form of microscopic grains, varying in 
size and appearance, according to their 
source. Each consists of a central 
spot, round’ which more or less con- 
centric envelopes of starch proper or 

ranulose alternate with layers of 

Cel has very little 

digestive value, but starch is a most 
important food. 

Starch is insoluble in cold water : Pig. 336.—Goaine of potato 
forms an oxslest solution in ‘ling 
water, which if concentrated gelatinixes on cooling. Tts most 
characteristic reaction ia the blue colour it giv iodine. 

On heating starch with mineral acids, dextros formed. By 
the action of diastatic ermenta, maltose is the ad product. 
In both cases dextrin is an intermediate stage in the process. 

Before the formation of dextrin the starch solution loses its 
palescence, a substance called soluble starch being formed. ‘This, 
like native starch, gives a blue colour with iodine. Although the 
molecular weight of starch is unknown, the formula for soluble 
starch is probably 5(CiaHy9 9) Equations that represent the 
formation of sugars and dextrins from this are very complex, and 
are at present only hypothetical. 

Dextrin is the name pee) to the intermediate products in 
uae Ay eet of starch or gly and two chief varieties are 


ro-dextrin, Which gives a reddish-brown colour 
ery iodine ea astee dart, which does not. 
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and in certain physical characters, such 
elting-point and solubilities. Olein melts at ~s° C., palmitin 
aeons and stearin at 53-66° C. It is thus olein which holds 
the other two dissolved at the body temperature. Fats are all 
iy soluble in hot aleohol, ether, and chloroform, but insoluble in water. 
Chemical Constitution of the Fats.—The fats are com- 
pounds of fatty acids with glycerin, and may be termod gly- 
cerides or giyceric ethers. The term Agdrocarbon, applied to them 
hy some authors, is wholly incorrect. 
The fatty acids form a series of acids derived from the 
monatomic alcohols by oxidation. Thus, to take ordinary ethyl 
aleohol, OgH,O, the first stage in oxidation is the removal of two 
atoms of hydrogen to form aldehyde, CHO; ou further oxidation 
an atom of oxygen is added to form acetic acid, CyH,Oy. 
A similar acid can be obtained from all the other alcohols, 
this — 
ren mates Saas ne wit oacgagh amis 
i en fa HO, propionic  CyHyCOOH 
'H,HO, butyric | C)H,.COOH 





° {GEO valerie = 

jes GUO cape) GECooHt 
‘and so on. 

‘Or in goneral terms 


From the alcohol with formula C,Hg,+1HO, the acid with 
formula ©, ,Hy,;-COOH is obtained. The sixteenth term of 
this series bax the formula C,,Hy,.COOH, and is called palmitic 
acid ; the'eightoonth has the formula Cy;Hys.COOH, and is called 
stearic acid. Fach acid, as will be seen, consists of a radicle, 
C, :Hy, ,CO, united to hydroxyl (OH). Oleic acid, however, . 
is not a member of this series, but belongs to a somewhat similar 
series known as the acrylic series, of which the general formula is 
©, :Hy,9 COOH. It is the eighteenth term of the series, and 
its formula is CygHy.COOH. 

Glycerin or Glycerol is a triatomic alcohol, CyH,(HO);—i.¢., 
three atoms of hydroxy] united toa radicle glyceryl (CyH,). The 
hydrogen in the hydroxyl atoms is replaceable by other organic 
radicles. As an example, take the radicle of acetic acid called 
acetyl (CHy.CO), The following formule represent the deriva- 
tives that can be obtained by replacing one, two, or all three 
hydroxy! hydrogen atoms in this way :-— 





OH oH H,.CO 
O,8,4 OH 0,H,4 O.CH,CO ©, vide 0.CB,.CO 
OH 0. On, Co 0.CH,CO 
[6rycerin} (Diaceting’ (Trincetin] 
Lis 
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Triacetin is a type of a neutral fat; stearin, palmitin, and olein 
bag more properly to be called tristearin, sand fri- 
Fron eo hploayal ee ied eeegeaer 

praca hy in are 
the fatty acid. nek tae ae ee 
Oleic CTHECOOH Oley! Of peri ek 


Docomposition Products of the Fats.—The fats split up 
into the substances out of which they are built up. 

Under the influence of superheated steam, mineral acids, and 
in the body by means of certain ferments (for instance, the fat- 
splitting ferment, steapsin, of the pancreatic juice), a fat combines 
with water and splits into glycerin and the fatty acid. The 
following equation represents what occurs in a fat, taking 
tripalmitin as an example :-— 

BOG AH 60), + 3H,0 = OECD, + et oper 

In the process of saponification much the same sort of 
reaction occurs, the final products being glycerin and a com- 
pound of the base with the fatty acid which is called a soap. 
Suppose, for instance, that potassium hydrate is used; we get— 


00), + 3KHO = O,H,(0 H,,CO.OK 
SB.OS Caer rv ia “- Pee ee cet pa 


Emulsification.—Another change that fats undergo in the 
body is very different from saponification. It is a physical rather 
than a chemical change; the fat is broken up into very small 
globules, such as are seen in the natural emulsion—milk. 

Lecithin (C4,Hy,NPO,).—This is a very complex fat, which 
yields on decomposition not only glycerin and a fatty (stearic) 
acid, but phosphoric acid, and an alkaloid [N.(CH,)yCyH,0,) 
called choline in addition. ‘This substance is found to a great 
extent in the nervous system (see p. 174), and to = small extent 
in bile. Together with cholesterin, « crystallisable, monatomic 
aleohol (CyHy.HO), which we shall consider more at length in 
connection with the bile, it is found in small quantities in the 
protoplasm of all cells. 


a sfiaiete 
Palmitieasid G.Ht, COOH Patent CH 20 Palitin BO 


The Proteids. 


The proteids are the most important substances that occur in 
animal and vegetable organisms , none of Uae Phenomenn ike, 
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oveur without their presence ; and though it ix impossible to state 
‘positively that they occur as such in living protoplasm, they are 
invariably obtained by subjecting living structures to analysis, 

Proteids are highly complex compounds of carbon, hydrogen, 
oxygen, nitrogen, and sulphur occurring in a solid viscous condition 
or in solution in nearly all the liquids and solids of the body. ‘The 
different members of the group present differences in chemical and 
physical properties. They all possess, however, certain common 
chemical reactions, and are united by a close genetic relationship, 

‘The various proteids differ a good deal in elementary composi- 
tion. Hoppe-Seyler gives the following percentages :— 


c a N s 0 
From ses 69 as2 o3 209 
Te a's 73 170 20 235 


We are, however, not acquainted with the constitutional formula 
of proteid substances. There have been many theories on the 
subject, but practically all that is known with certainty is that 
many different substances may be obtained by the decomposi- 
tion of proteids. How they are built up into the proteid mole- 
cule is unknown, ‘The decompositions that occur in the body 
are, moreover, different from those which can be made to occur 
in the laboratory; hence the conclusion that living protoplasm 
differs from the non-living proteid material obtainable from it. 

(1) In the body. Carbonic acid, water, and urea are the chief 
final products, Glyeocine, leucine, creatine, uric acid, ammonia, 
&c.,are probably intermediate products. Carbohydrates (glycogen) 
and fats may also originate from proteids. 

(2) Outside the body. Various strong reagents break up pro- 
teids into ammonia, carbonic acid, amines, fatty acids, amido-acids 
like leucine and arginine, and aromatic compounds like tyrosine. 

Solubilities.—All proteids are insoluble in aleohol and ether. 
Some are soluble in water, others insoluble. Many of the latter 
are soluble in weak saline solutions. Some are insoluble, others 
soluble in concentrated saline solutions. It is on these varying 
solubilities that proteids are classified. 

All proteids are soluble with the aid of heat in concentrated 
mineral acids and alkalies. Such treatment, however, decomposes 
a8 well as dissolves the proteid. Proteids are also soluble in gastric 
and pancreatic juices; but here, again, they undergo a change, 

converted into a hydrated variety of proteid, of smaller 
molecular weight, called peptone. Tho intermediate substances 
formed in this process are called proteoses or allumoses. Commer 
cial peptone contains a mixture of proteoses ani true peptone, 
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Hoat Coagulation.— Most native proteids, like white of exg, 
are rendered insoluble when their solutions are heated. The 
temperature of heat coagulation differs in different proteids ; thes 

* myosinogen and fibrinogen coagulate at 56°C., serum albumin and 
seram globulin at about 75° 0. 

The proteids which are coagulated by heat come ander two 
classes ; the aloumins and the glodulins, These differ in solubility ; 
the albumins are soluble in distilled water, the globulins require 
salts to hold them in solution. 

Indiffusibility.—The proteids (peptones excepted) belong to 
the class of substances called colloids 
by Thomas Graham; that is, they 
pass with difficulty, or not at all, 
through animal membranes, In the 
construction of dialysers, vegetable 
parchment’ is largely used. 

Proteids may thus be separated from 
diffusible (crystalloid) substances like 
salte, but the process ix a tedious 
one. If some serum or white of egg 
is plaved in a dialyser (fig. 337) and 
distilled water outside, the greater 
amount of the salts passes into the 
water through the membrane and is 
replaced by water; the two proteads 
albumin and globulin remain inside ; 
the globulin is, however, precipitated, 
as the salts which previously kept it 
Mit nia in solution are removed, 

©. Parchment paper, suxpender ‘The terms diffusion and dialysis should 
ina Veasel through which water be distinguished from each other. 

is kept flowing. If water is carefully poured on the surface 

of a solation of any substance, this sabstance 
gradually spreads through the water, and the eomposition of the mixture 
Lecomes uniform fn time, The time occupied is short for substances like 
sodium chloride, and long for substances like albumin, The phenomenon 
is called diffwaion. If the solutions aro separated hy a membrane the term 


dialyew \s employel. The term «amosia is employed when  semipermesble 
membranes are wsed (see further, under Work of the Kidney). 








Crystallisation.—Hwmoglobin, the red pigment of the Wood, 
is a proteid substance and is erystallisable (for further details, see 
The Blood, Chapter XXVI.). Like other pro! it has an 
enormously large molecule ; though crystalline, it is not, however, 
crystalloid in Grabam's sense of that term. Blood pigment is 
not the only crystallisable proteid. Long ago crystals of proteid 
(globulin or yitellin) were observed in Une sleatone gexiwam eh wey 








a 
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weds, the somewhat similar granules occurring in the 
egg-yolk of some fishes and amphibians, By appropriate methods 
‘these have been separated and re-crystallised. Further, egg- 
itself has been crystallised. If a solution of white of 
ix diluted with an equal volume of saturated solution of 
ammonium sulphate, the globulin present is precipitated and is 
removed by filtration. The filtrate is now allowed to remain some 
days at the temperature of the air, and as it becomes more con- 
centrated from evaporation, minute spheroidal globules and 
finally minute needles, either aguregated or separate, make their 
appearance (Hofmeister). Crystallisation is more rapid if a little 
acetic or sulphuric acid is added (Hopkins). Serum albumin 
{from horse and rabbit) has also been similarly crystallised 

_ » (Giirber). 

Action on Polarised Light.—All proteids are levo-rotatory, 
the amount of rotation varying with individual proteids, 

Colour ms.—The principal colour reactions by which 
proteids are recognised are the following :-— 

{1) The wantho-proteie reaction ; if a few drops of nitric 
dcid are added to u solution of a proteid like white of egg, 
the result is a white precipitate ; this and the surrounding 
liquid become yellow on boiling and are tured orange by 
ammonia. The preliminary white precipitate is not, given by 
some proteids like peptones ; but the colours are the same. 
ee Millon’s reaction. Millon’s reagent is a mixture of mercuric 

mercurous nitrate with excess of nitric acid. This gives a 
white precipitate with proteids which is turned brick-red on 
boiling. This reaction and the preceding (xanthroproteic) depend 
on the presence in proteids of aromatic radicles. 

(3) Copper sulphate, or Piotrowski’s teat. A trace of copper 
sulphate and excess of strong caustic potash give with most 
proteids a violet solution. Proteoses and peptones, however, give 
4 rose-red colour instead; this same colour is given by the 
substance called Jivret; hence the test is generally called the 
biuret reaction, This name does not imply that biuret is present 
in proteid ; but both proteid and biuret give the reaction because 
they possess a common radicle, probably CO NH. 

Biuret is formed by heating solid urea ; ammonia passes off and leaves 
biuret, tha 400% = NH = C,0,NsHls 

(Urea) [Ammonia]  [Diuret} 

4. Adambiewice reaction (Hopkins’ modification). When a solu- 
tion of proteid is added to a dilute solution of glyoxylic acid, 
and then excess of sulphuric acid is added, an intense violet colour 

_ ts obtained. 





Md 


396 THE CHEMICAL COMPOSITION OF THE BODY. [cn. xxv. 


Precipitants of Proteids.—Solutions of most proteids are 
precipitated by :— 

1, Strong acids like nitric acid. 

2. Picric acid. 

3. Acetic acid and potassium ferrocyanide. 

4. Acotic acid and excess of a neutral salt like sodium sulphate ; 
when these are boiled with the proteid solution. 

5. Salts of the heavy metals like copper sulphate, mercuric 
chloride, lead acetate, silver nitrate, de. 

6. Tannin, 

7. Aleohol. 

8. Saturation with certain neutral salts such as ammonium 
sulphate. 

It is necessary that the words coagulation and precipitation 
should in connection with proteids be carefully distinguished. 
The term coagulation is used when an insoluble proteid (coagulated 
proteid) is formed from a soluble one. This may occur : 

1. When a proteid is heated—Aeat coagulation ; 

2, Under the influence of a ferment ; for instance, when a cunt 
is formed in milk by rennet or a clot in shed blood by the Gbrin 
ferment—ferment coagulation ; 

3- When an insoluble precipitate is produced by the addition 
of certain reagents (nitric acid, picrie acid, tannin, &e.). 

There are, however, other precipitants of proteids in which the 
precipitate formed is readily soluble in suitable reagents like 
saline solutions, and the proteid continues to show its typical 
reactions. Such precipitation is not coagulation. Such a preci- 
pitate ix produced by saturation with ammonium sulphate. 
Certain proteids, called globulins, are more readily precipitated 
by such means than others. ‘Thus, serum globulin is precipitated 
by halfsaturation with ammonium sulphate. Full saturation 
with ammonium sulphate precipitates all proteids but peptone. 
The globulins are precipitated by certain salts, like sodium 
chloride and magnesium sulphate, which do not precipitate the 
albumins, 

The precipitation produced by alcohol is peculiar in that after 
a time it becomes a congulation. Proteid freshly precipitated by 
alcohol is readily soluble in water or saline media; but after it 
has been allowed to stand some weeks under alcohol it becomes 
more and more insoluble, Albuming and globulins are most 
readily rendered insoluble by this method; proteoses and 
peptones are never rendered insoluble by the action of 
alcohol. ‘This fact is of value in the separation of there qeatelde 
from others. 
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Classification of Proteida. 


Both animal and vegetable proteids can be divided into the 
following classes. We shall, however, be chiefly concerned with 
the unimal proteids :— 

If we use the term proteid in the widest sense, the first main 
subdivision of these substances ix into— 

A. The Simple Proteids. 

B. The Conjugated or Compound Proteids, 

G, The Albuminoids. 

D. The Protamines. 


We will take these classes one by one. 


A. Tis Simprx Proves. 


Class I. Albumins,—These are soluble in water, in dilute 
saline solutions, and in saturated solutions of sodium chloride and 
magnesium sulphate. They are, however, precipitated by satu- 
rating their solutions with ammonium sulphate. Their solutions 
ure coagulated by heat, usually at 70~73° 0, Serum albumin, 

" egg albumin, and lactalbumin are instances. 


Class II. Globulins.—These are insoluble in water, soluble 
in dilute saline solutions, and insoluble in concentrated solutions 
of neutral salts like sodium chloride, magnesium sulphate, and 
ammonium sulphate. A globulin dissolved in a dilute saline 
solution may therefore be precipitated — 

1. By removing the salt—by dialysis (see p. 394). 

2. By mereasing the amount of salt, The best salts to employ 
are ammonium sulphate (half-saturation) or magnesium sulphate 
(complete satunition). This method is often called “salting ont.” 


‘The globulins are coagulated by heat ; the temperature of heat 
coagulation varies considerably. The following are instances :— 


(a) Fibrinogen 

(4) Serum globulin (panaglobulin) J in Mood plasma, ’ 
(e) Myosinogen in musele. 

(i) Grystallin in the crystalline lens. 


If we compare together these two classes of proteids, the most 
important of the native proteids, we find that they all give the 
same general tests, that all are coagulated by heat, but that they 
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differ in their solubilities. ‘This differonce in solubility may be 
stated in tabular form as follows:— 





‘Reagent, 





viet vase plition 7-12 
Saturated solution 


sulphate 
Saturated sointion of ammoniam wal 





yi These products of digestion will be 
Class Il. Proteoses ieee B 
Class 1V, Peptones | pose in connection with that 


ibject. 

Class V. Coagulated Proteids. — There are two sub- 
divisions of these :— 

(a) Proteids in which coagulation hax been produced by beat; 
they are insoluble in water, galine solutions, wenk acids, and weak 
alkalis; they are soluble after prolonged boiling in concentrated 
mineral acids; dissolved by gastric and pancreatic juices, they 
give rise to peptones. 

(2) Proteids in which coagulation has been produced by 
ferments :—i. Fibrin (see Boop). ii. Myosin (see Musou), 
iii, Casein (see Minx), 

Appendix to the class of simple proteids. Albuminates 
are compounds of proteid with mineral substances. Thus, if a 
solution of copper sulphate is added to a solution of albumin 
a precipitate of copper albuminate is obtained. Similarly, by 
the addition of other salts of the heavy metals other metallic 
albuminates are obtainable, 

The albuminates which are obtained by the action of dilute 
acids and alkalis on either albumins or globulins are, however, of 
greater physiological interest, and it is to. these we shall confine 
our attention. ‘The general properties of the aeidaléumin or 
syntonin, and the alkali-altumin, which are thereby respectively 
formed, are as follows: they are insoluble in pure water, bat 
are soluble in cither acid or alkali, and are precipitated by 
noutralisation unless certain salts like sodium phosphate are 
present, Like globulins, they are precipitated by saturation with 
such neutral salts as sodium chloride and magnesium sulphate, 
They are not coagulated by heat. 

A variety of alkalialbuinin (probably © compound, containing, * 


—_ | 
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quantity of alkali) may be formed by adding strony potash: 
to undiluted white of egg. The resulting jelly is called Lieber 
Aiihn’s jelly. A similar jelly is formed by adding strong acetic 
acid to undiluted egg-white. 
‘The halogens (chlorine, bromine, and iodine) also form albumin- 
ates, and may be used for the precipitation of proteids. 


B. Tax Coxsvoarep Prorerps. 


‘These complex substances are compounds of albuminous sub- 
stances with other organic materials, which are, as a rule, also 
of complex nature. They may be divided into the following 

— 

1. Hawociosix and its allies. These are compounds of 
proteid with an iron-containing pigment. All will be fully 
discussed under Blood, 

2. Givco-rnorsips, ‘These are compounds of proteid with 
members of the carbohydrate group, This class includes the 
mucins and substances allied to mucins called mucoids. 

Mucin,—This is a widely distributed substance, oceurring in 
epithelial cells or shed out by them (mucus, mucous glands, 
goblet cells), and in connective-tissue, where it forms the chief 
constituent of the ground substance or intercellular material. 

There are several varieties of mucin, but all agree in the 
following points :— 

fa) Physical character. Viscid and tenacious. 

b) Precipitability from solutions by acetic avid, They are 
soluble in dilute alkalis, like lime water, 

(c) They are all compounds of a proteid with « carbohydrate 
called animal gum, which by treatment with dilute mineral acid 
ean be hydrated into « reducing but non-fermentable sugar, 

‘The nome animal gum ix only a provisional name for the carbohydrate 
radicle of the sondlas, It is probable that the carbohydrate radicle may 
oa in different mucins ; in some cases it is certainly the case that the 

Lachey atl from it is not sugar, but a nitrogenous derivative of 
agar called glucosainine—i.e,, glacose in which HO is replaced by NHy 
(Cath ,OLNHD. 

‘The Mucoids differ from the mucins either in not being precipit- 
able from alkaline solutions by acetic acid, or in being readily 
soluble in excess of that acid. One of these (ovo-mucoid) is 
found in white of egg, and others (pseudo-mucin and paramucin) 
are occasionally found in dropsical effusions. 

Dr. Payy has shown that a smadl quantity of a similar carbo- 
hydrate can be split off from various other proteids, which we 
have already classified as simple proteids. 
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differ in their solubilities. This difference in solubility may be 
stated in tabular formas follows:— —~ 





| 
ORE Te yea ee 


Saturated volution of ammonium su): | 





‘These products of digestion will be 
Class IIT. Proteoses 
Class IV, Peptones ! eee in connection with that 


Class V. Coagulated Proteids.— There are two sub 
divisions of these :— 

(a) Proteids in which coagulation has been produced by heat; 
they are insoluble in water, saline solutions, weak acids, and weak 
alkalis; they are soluble after prolonged boiling in concentrated 
mineral acids; dissolved by gastric and pancreatic juices, they 
give rise to peptones. 

(8) Proteids in which coagulation has been produced by 
ferments :—i. Fibrin (see Boon). ii. Myosin (see Muscre). 
iil, Casein (see Minx). 

Appendix to the class of simple proteids, Albuminates 
are compounds of proteid with mineral substances. Thus, if a 
solution of copper sulphate is added to a solution of albumin 
a precipitate of copper albuminate is obtained. Similarly, by 
the addition of other salts of the heavy metals other metallic 
albuminates are obtainable. 

The albuminates which are obtained by the action of dilute 
acids and alkalis on cither albumina or globulins are, however, of 
greater physiological interest, and it is to these wo shall 
our attention, The general properties of the 
ayntonin, and the alkali-aloumin, which are ther 
formed, are as follows: they are insoluble in 
are soluble in either acid or alkali, and 
neutralisation unless certain salts like 
present, Like globulins, they are preci 
such neutral salts as sodium chlori 
They are not coagulated by heat. 

A variety of alkali-albumim 
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lange quantity of alkali) may be formed bl slit eran 
to undiluted white of egg. The resulting jelly ix eallod Lieber- 
kiihn’s jelly. A similar jelly is formed by adding strong acetic 
acid to undiluted egg-white. 

The halogens (chlorine, bromine, and jodine) also form albumin- 
ates, and may be used for the precipitation of proteids. 


B. Tue CoxsvoaTep Proves. 


These complex substances are compounds of albuminous sub- 
stances with other organic materinis, which are, as a rule, also 
of complex nature. They may be divided into the following 
groups :— 

1. Hamocuours and its allies. These are compounds of 
proteid with an iron-containing pigment. All will be fully 
discussed under Blood. 

2. Gtvoo-rrorntps, These are compounds of proteid with 
members of the carbohydrate group. ‘This class includes the 
mucins and substances allied to mucins called mucoids. 

Mucin,—This is a widely distributed substance, occurring in 
epithelial cells or shed ont by them (mucus, mucous glands, 
goblet cells), and in connective-tissue, where it forms the chief 
constituent of the ground substance or intercellular material. 

There are several varieties of mucin, but all agree in the 
following points :— 

(a) Physical character. Viscid and tenacious. ; 

(2) Precipitability from solutions by acetic acid. They aro 
soluble in dilute alkalis, like lime water. 

{c) They are all compounds of a proteid with a carbohydrate 
called animal gum, which by treatment with dilute mineral acid 
can be hydrated into a reducing but non-fermentable sugar. 

rate 
feainia of tie mics. 1c i probabo Lins Che eacebpaesio ails 

differ in different mucins ; in some cases it ix 


so-called ir derived from it is not sugar, bat a 5 
‘calle ine—ie, glucose in which HO 






by seetic acid, or in being readily 
One of these (ovo-mucoid) is 


(pseudo-mucin and paramuciv) 
effusions. 





ered of a similar carbo 


other proteids, wh ich we 
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differ in their solubilities, "This difference in solubility may be 





stated in tabular form as follows :— 

‘Reagent. Getulin, | 
Water... . insoluble 
Dilute saline solution . ible 
Saturated solution of aad sol- 

phate or sodium insoluble 
Half-mturnted solution of Ammonium 

sulpl insoluble 
Saturated solation of ammonium sul 

| ar Tp ear mes insolable 





These products of digestion will be 
Class IIL. Proteoses 
Class IV, Peptones studied in connection with that 


Class V. Coagulated Proteids.— There ure two sub- 
divisions of these > 

(a) Proteids in which coagulation has been produced by best; 
they arc insoluble in water, saline solutions, weak acids, and weak 
alkalis; they are soluble after prolonged boiling in concentrated 
mineral acids; dissolved by gastric and pancreatic juices, they 
give rise to peptones. 

(6) Proteids in which coagulation has been produced by 
ferment i, Fibrin (see Bioop)., ii, Myosin (see Muscne), 
iii, Casein (see Mitk). 

Appendix to the class of simple proteids. Albuminates 
are compounds of proteid with mineral substances. Thus, if a 
solution of copper sulphate is added to « solution of albamin 
® precipitate of copper albuminate is obtained. Similarly, by 
the addition of other salts of the heavy motals other metallic 
albuminates are obtainable. 

The albuminates which are obtained by the action of dilute 
acids and alkalis on either albumins or globulins are, however, of 
greater physiological interest, and it is to these we shall 
our attention. The general properties of the a 
ich are thi 
: they are insoluble it 
her acid or alkali, and 
neutralisation unless certain salts like 
present. Like globulins, they are preci 
such neutral salts as sodium chlori 
They are not coagulated by heat, 

A variety of alkali-albumin 
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Classification of Proteids. 


Both animal and vegetable proteids can be divided into the 
following classes. We shall, however, be chiefly concerned with 
the animal proteids :— 


If we use the term proteid in the widest sense, the first main 
subdivision of these substances is into— 

A. The Simple Proteids. 

B. The Conjugated or Compound Proteids. 

C. The Albuminoids. 

D. The Protamines. 


We will take these classes one by one. 


A. Tue Simptx Proteins. 


Class I. Albumins.—These are soluble in water, in dilute 
saline solutions, and in saturated solutions of sodium chloride and 
magnesium sulphate. They are, however, precipitated by satu- 
rating their solutions with ammonium sulphate. Their solutions 
are coagulated by heat, usually at 70~73°C. Serum albumin, 
egg albumin, and lact-albumin are instances. 


Class II. Globulins.—These are insoluble in water, soluble 
in dilute saline solutions, and insoluble in concentrated solutions 
of neutral salts like sodium chloride, magnesium sulphate, and 
ammonium sulphate. A globulin dissolved in a dilute saline 
solution may therefore be precipitated — 

1. By removing the salt—by dialysis (see p. 394). 

2. By increasing the amount of salt. The best salts to employ 
are ammonium sulphate (half-saturation) or magnesium sulphate 
(complete saturation), This method is often called “salting out.” 


The globulins are coagulated by heat ; the temperature of heat 
coagulation varies considerably. ‘The following are instances :— 


(«) Fibrinogen e 
(4) Serum globulin (paraglobulin) j i bood-plasma. 
(c) Myosinogen in muscle. 

() Crystallin in the crystalline lens. 


If we compare together these two classes of proteids, the most 
important of the native proteids, we find that they all give the 
game general tests, that all are coagulated by heat, but that they 
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differ in their solubilities, his difference in solubility may be 
stated in tabular form as follows:— ~ 











Reagent. Aitaaia, Gbalin 
] 
| Wate ee > Insoluble 
Dilute saline solution... soluble soluble 
Saturnted solution of magnesiam su) 
phate or sedium chloride. soluble insoluble 
Half-saturated solution of ammonium | 
salpiate. 2 ww | able insoluble | 
| Saturated solution of ammonium sul- 
ae ere se” insolable insolable 





1 These producta of digestion will be 
ae a inte studied in connection with that 
lass IV, Peptones ( subject. 

Class V. Coagulated Proteids. — There are two sub- 
divisions of these :— 

(a) Proteids in which coagulation has been produced by heat; 
they are insoluble in water, saline solutions, weak acids, and! weak 
alkalis; they are soluble after prolonged boiling in concentrated 
mineral acids; dissolved by gastric and pancreatic juices, they 
give rise to peptones. 

(4) Proteids in which coagulation has been produced by 
ferments :—i. Fibrin (seo Broop). ii. Myosin (see Musere). 
iii. Casein (see Mitx). 

Appendix to the class of simple proteids. Albuminates 
are compounds of proteid with mineral substances. Thus, if a 
solution of copper sulphate is added to a solution of albumin 
a precipitate of copper albuminate is obtained. Similarly, by 
the addition of other salts of the heavy metals other metallic 
albuminates are obtainable. 

The albuminates which are obtained by the action of dilate 
acids and alkalis on either albumins or globulins are, however, of 
greater physiological interest, and it is to these we shall confine 
our attention. The general properties of the aetdallumin or 
ayntonin, and the alkali-allumin, which are thereby respectively 
formed, aro as follows: they are insoluble in pure water, bat 
are soluble in either acid or alkali, and are precipitated by 
neutralisation unless certain sults like sodium phosphate are 
present, Like globulins, they are precipitated by saturation with 
such neutral salts as sodium chloride and maguetinm salyhate. 
They are not coagulated by heat. 

A variety of alkalivalbuinin (probelly & compouni comtaising, = 
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lange quantity of pri may be formed by adding strong potash 
to undiluted white of egg. The resulting jelly is called Lieder 
hsihn’s jelly. A similar jelly is formed by adding strong acetic 
acid to undiluted egg-white, 

‘The halogens (chlorine, bromine, and iodine) also form albumin- 
ates, and may be used for the precipitation of proteids. 


B. Tar Coxsvcaren Provera. 


‘These complex substances are compounds of albuminous sub- 
stances with other organic materials, which are, as a rule, also 
of complex nature. They may be divided into the following 
groups :— 

1. Hxmoowoeix and its allies. These are compounds of 
proteid with an iron-containing pigment. All will be fully 
discussed under Blood. 

2. Givco-rroretps. These are compounds of proteid with 
members of the carbohydrate group. This class includes the 
mucins and substances allied to mucins called mucoids. 

Mucin.—This is o widely distributed substance, occurring in 
epithelial cells or shed out by them (mucus, mucous glands, 
goblet cells), and in connective-tissue, where it forms the chief 
constituent of the ground substance or intercellular material. 

‘There are several yaricties of mucin, but all ngree in the 
following points :— 

@ Physical character. Viscid and tenacious, i 

(4) Precipitability from solutions by acetic acid. They are 
soluble in dilute alkalis, like lime water. 

(c) They are all compounds of a proteid with a carbohydrate 
called animal gum, which by treatment with dilute mineral acid 
can be hydrated into a reducing but non-fermentable sugar. 

The name animal gum is only a provisional name for the carbohydrate 
radicle of the mucins, It is probable that the carbohydrate ralicle may 


differ in different mucins ; in some casos it is certainly the ease that the 
wo-called s derived from it is not sugar, but» nitrogenous derivative of 


mine=fe., glucose in’ which HO is replaced by NHy 
Catt OLN 


‘The Mucoids differ from the mucins either in not being precipit- 
able from alkaline solutions by acetic acid, or in being readily 
soluble in excess of that acid. One of these (ovo-mucoid) is 
found in white of egg, and others (pseudo-mucin and paramucin) 
are occasionally found in dropsical effusions. 

Dr. Payy has shown that a smell quantity of a similar carbo- 
pea be split off from various other proveids, which we 

have already classified us simple proteids. 
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3. Nucunixs axp Nucuro-rroreivs. These are compounils of 
proteid with a complex organic acid called nucleic seid, which 
contains phosphorus. 

Nucleo-proteids—Compounds of proteids with nuclein. 
They are found in the nuclei and protoplasm of cells. Cisei- 
nogen of milk and vitellin of egg-yolk are similar substances 
In physical characters they often closely simulate mucin ; in fat, 
the substance called mucin in the bile is in some animals « 
nucleo-proteid, They may be distinguished from mucin by the 
fact that they yield on gastric digestion not only peptone but 
also an insoluble residue of nuclein which is soluble in alkalis, 
is precipitable by acetic acid from such a solution, and contains a 
high percentage (10-11) of phosphorus, 

Some of the nucleo-proteids also contain tron, and it is probable 
that the normal supply of iron to the body is contained in the 
nucleo-proteids, or hyematogens (Bunge), of plant and animal cells. 

The relationship of nucleo-proteids to the coagulation of the 
blood is deseribed in the next chapter, 

Nucleo-proteids may be prepared from cellular structures like 
testis, thymus, kidney, &c,, by two methods ;— 

1. Wooldridge's method.—The organ is minced and soaked in 

water for twenty-four hours. Acetic acid added to the aqueous 
extract precipitates the nucleo-proteid, or, as Wooldridge called 
it, tisewe fibrinogen. 
- Sodium chloride method.—The minced organ is ground up 
in a mortar with solid sodium chloride; the resulting viscous 
mass is poured into excess of distilled water, and the nucleo- 
proteid rises in strings to the top of the water, 

The solvent usually employed for a nucleo-proteid, whichever 
method it is prepared by, is a rt per cent. solution of sodium 
carbonate. 

Nuclein is the chief constituent of cell-nuclei. Its physical 
charactera are somewhat like those of mucin, but it differs 
chemically in its high percentage of phosphorus. It is identical 
with the chromatin of histologists (see p. 11). On decomposi- 
tion, it yields an organic acid called nucleic acid, together with 
4 variable amount of proteid, In the nucleus which oomy 
the head of a spermatozoon proteid is practically absent. Nucleic 
acid on decomposition yields phosphoric acid and various bases 
of the xanthine group. Some forme of nuclein, called psewdo- 
nuclein, such a8 are obtained from. casei and vitellin, differ 
from the true nucleins in not yielding these xanthine com- 
pounds, or, as they are sometimes termed, alloxuric or purine 

The purine bases are closely allied chemically: to uric 
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acid, and we shall have to consider them again in relation to 
that wubstance, 

“The following disgrammntie way of representing the decotn- 
position of nucleo-proteid will assist: the student in remembering 
the inter-relationships of these substances, 


Nucleo-proveid 
| 
| 
Protoll Nuclei 


{ 
Proteid Nucleic acid 


Phosphoric acid. Purine bases Other imperfectly 
known substances, 


C._ALBUMESOLDS,. 


The albuminoids are a group of substances which, though 
similar to the proteids in many partionlars, differ from them 
certain other points. ‘The principal members of the group are 
the following -—~ 

Collagen, the substanve of which the white fibres of commective= 
tissue are composed. Some observers regard it ax the anhydride 
of gelatin. In bone it ia often called oxsein, 

Gelatin.—This substance is produced by boiling collagen with 
water. It possesses the peculiar property of setting into a jelly 
when « solution made with hot water cools. It gives most of 
the proteid colour tests. Many observers state, however, that it 
contains no sulphur, On digestion it is like proteid converted 
into peptone-like substances, and is readily absorbed. — Though it 
will replace in diet a certain quantity of proteid, acting as what 

; cannot altogeth 
place of proteid as a food. 0 
proteid waste rapidly. 

Chordtrin, the very similar subs 

cartilage, is a mixture of gelatin wi 


fibres of connective-tisane are composed. 
material. “The sarcolemma of rm 


Keratin, or horny material, 
aurfuce layers of the epidermis, in hair 
a 
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It is very insoluble, and chiefly differs betreystre pera 

percentage of sulphur. A similar 

is found in neuroglia and coef ia is‘ 
to note that the epidermis nervous system are 

Sci force foes the aninaloyobiet ates lance eae blast. 

Chitin and similar substances found in the  paneenetlatie’ st 

many invertebrates, 


Protamines.. 

with nuclein in the heads of the spermatozoa of certain fishes 
(salmon, sturgeon, &c.). They resemble proteids in many of 
their characters ; ¢g., they give Piotrowski’s reaction and some of 
the other teats for proteids. They are regarded by Kossel as 
the simplest proteids, By decomposition in various ways 

yield bases containing six ators of carbon, and called in con- 
sequence the Aexone bases ; the bases are named lysine, arginine, 


position of the protamine prepared from salmon roe :— 
CoaHenNinOg i 440 = CgHaNaOe + SCH UN Os + Colas 


The more complex proteids and albuminoids yield these bases 
also; therefore Kossel considers that all these substances contain 
® protamine nucleus, The more complex proteids, however, 
yield many other products of decomposition in addition to these 
bases, such as leucine and tyrosine. 


The Polarimeter. 


‘This instrament is one by means of which the action of yarious substances 
on the plane of polarised light can be observed and measured, 

Most of the carbobydrates are dextro-rotatory. , 

All the proteids are leyo-rotatory. 

‘There are many varicties of the instrument ; ones can ay, be ee 
studied in a practical class, and all one can do here is to state brie@y 
the principles on which they are constracted. 

Suppose one is shooting arrows at a fence made of narrow vertical 
pilings ; suppose also that the arrows are flat like the laths of a venetian 
lind. If the arrows are shot vertically tl will pase Tn 
the gaps between the palings, but if thay are horizontally will 

unable to pass through at all,’ This rough illustration will help us inender- 
standing what (s meant by polarised light, Ontinary light is produced ty 
the undulations of wther occurring in all directions at right angles to the 
path of propagation of thewave. Polarised light is produced by undelations 
tn one plane only ; we may compare it to our fint arrows. 

a polarimeter, there is at one end of the ae & Nicol’s prism, 
which is mate of) Tolan spay. "This polurives Une \iguh uke yams 
through it; it is called the polerieer, AX Une otbet emi of Wine \mtoremasen 
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Ferments. 


The word fermentation was first applied to the change of 
sugar into aleohol and carbonic acid by means of yeast. The 
evolution of carbonie acid causes frothing 
and bubbling; hence the term ‘fermonta- @ 
thon.’ The agent, yeast, which produces this, Ss 
is called the ferment. Microscopic investiga CS) 
tion shows that yeast ix composed of minute 
rapidly-growing unicellular organisms (toruli) g 
belonging to the fangus group of plants, 

‘The souring of milk, the transformation of © cos) 
urea into ammonium carbonate in decompos- 
ing urine, and the formation of vinegar (acetic Fig. 558—-Cells of the 
eid) from alcohol are brought about by Tindiinn. SPER 
very similar organisms. The complex series 
of changes known as putrefaction, which are accompanied by the 
formation of malodorous gases, and which are produced by the 
various forms of bacteria, also come into the same category. 

That the change or fermentation is produced by these 
organisms is shown by the fact that it occurs only when the 
organisms are preseut, and stops when they are removed or 
killed by a high temperature or by certain substances (carbolic 
acid, meretric chloride, de.) called antiseptios 

‘The ‘germ theory’ of disease explains the infectious diseases 
by considering that the change in the system is of the nature of 
fermentation, and, like the others we have mentioned, produced 
by microbes; the transference of the bacteria or their spores 
from one person to another constitutes infection. The poisons 
produced by the growing bacteria appear to be either alkaloidal 
ptomaines) or proteid in nature. The existence of poisonous 
proteids ix w very remarkable thing, as no chemical differences, 
can be shown to exist between them and those which are DOO 


poe 
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poisonous, but which are useful as foods. The most virulent 
poison in existence, namely snake poison, ik a proteid of the 
proteose class. 

There is another class of chemical transformations which differ 
very considerably from all of these. They, however, resemble 
these fermentations in the fact that they occur independently of 
any apparent change in the agents thst produce them. The 
agents that produce them are not living organisms, but chemical 
substances, the result of the activity of living cells. The 
change of starch into sugar by the ptyalin of the saliva is an 
instance, 

Ferments may therefore be divided into two classes:— 

1, The organised forments—torulie, bacteria, &c. 

2. The unorganised ferments, or enzymes—like ptyalin. 





‘ © . t 
| i 
: oo fi 
gts woe, 
ee a 
Fig. 
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Each may be again subdivided according to the nature of the 
chemical change. produced. 

In digestion, the study of which we shall soon be commeneing, 
it is the unorganised ferments with the action of which we have 
chiefly to deal. 

The unorganised ferments may be classified as follows =— 

(a) Amylolytic—those which change amyloses (starch, glyeo- 
gen) into sugars... Examples: ptyalin, diastase, amylopsin. 

(4) Proteolytic—those which change proteids into proteoses 
and peptones. Examples: pepsin, trypsin, 

(c) Steatolytic—those which split fats into fatty acids and 
glycerin. An example, steapsin, is found in pancreatic juice. 

(d) laversive—those which convert saccharoses (cane sugar, 
maltose, lactose) into glucose, Examples: invertin of intestinal 








jnice and of yeast cells, 


( 
| 
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= ‘Congulative—those which couvert soluble into insoluble 
Examples; rennet, fibrin ferment, myosin forment. 
steno netions are hydrolytic—ie, water is added to 
ae aoted on, which then splits into new materials, 
‘This is seen by the following examples :— 
4. Conversion of cellulose into carbonic acid and marsh gas 
| chad by putrefactive organisms— 


(CH yO.)n + mos. gnco +: Fert) 


Warhgelo 


2. Inversion of cane sugar by the unorganised ferment 
invertin— 


Cally + HO Cis Oy + CHO, 


[Water] (Deattowe}  (avdosn 


A remarkable fact concerning the ferments is that the sub- 
stances they produce in time put a stop to their activity ; thus, 
in the case of the orgunised ferments, the alcohol produced by 
yeast, the phenol, eresol, &c., produced by putrefactive organisms 
from proteids, first stop the growth of and ultimately kill the 
waganisms which produce them. In the case of the enzymes 
also the products of their activity hinder and finally stop 
their action, but on the removal of these products the ferments 
resume work. 

‘This fact suggested to Croft Hill the question whether ferments 
will uct in the reverse manner to their usual action ; and in the 
case of one ferment, at any rate, he finds this to be the case. 
Inverting ferments, as we have just seen, usually convert a 
disaccharide into monosaccharides. One of these inverting 
ferments, called maltase, converts maltose into dextrose, Ef, 
however, the ferment is allowed to act on strong solutions of 
dextrose, it converts a small proportion of that sugar back into 
maltose again. 

Ferments act bext at a temperature of about go" C. Their 
activity is stopped, but the ferments are not destroyed, by cold ; 
it is stopped and the ferments killed by too great heat. A 
eertain amount of moisture and oxygen i8 also necessary ; there 
are, however, certain micro-organisms that act without free 
oxygen, and are called annérobic in contradistinction to those 
which require oxygen, and are called aerobic. 

‘The chemical nature of the enzymes, or unorgunised ferments, 
is very difficult to investigate; they are substances that elude 
the grasp of the chemist to a great extent. So far, however, 
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The distinction between organised ferments aud ane 
more apparent than real; eine the microorganisms exert | 
action by enzymes that they sacrete. = ose ee 
Buchner has succecded in obtaining from them an enzyme that 
produces alcoholic fermentation. 


CHAPTER XXVI. 
THE BLOOD, 


‘Tue blood is the fluid medium by means of which all the 
tissues of the body are directly or indireetly nourished; by 
mans of it alyo such of the materials resulting from the 
metabolism of the tissues which are of no further mse in the 
economy are carried to the exeretory organs to be removed from 
the body, It is a somewhat viscid fluid, aud in man and in 
other vertebrate animals, with the exception of two,” is red 
colonr. The exact shade of red is variable; that taken from the 
arteries, from the left side of the heart, and from the pulmonary 
veins is of a bright scarlet hue; that obtained from the systemic 
veins, from the right side of the heart, and from the pulmonary 
artery is of a much darker colour, At first. sight the red colour 
appears to belong to the whole mass of blood, but on further 
examination this is found mot tobe the case. In reulity blood 
consists of an almost colourless fluid, called plasma or liquor 
sanguinis, in which are suspended numerous blood corpuscles, 
which are, for the most part, coloured, and it is to their presence 
in the fluid that the red colour of the blood is due, 

Even when examined in very thin layers, blood is opague, on 
account of the different refractive powers possessed by its two 
constituents, viz, the plasma and the corpuscles. On treatment 
with ether, water, and other reagents, however, it beeomes trans 
parent and assumes a lake colour, in consequence of the colouring 
matter of the corpuscles having been discharged into the plasma. 
The average apecitic granity of blood at 15° C, (60° F.) varies 
from 1055 to 1062. A rupid and useful method of estimating 
the specifi gravity of blood was invented by Roy. Drops of blood 


* ‘The amphicawa ani the le pueephalantl 


sa, 
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are taken and allowed to fall into fluids of known specific gravity. 
When the drop neither rises nor sinks in the fluid it is taken to 
be of the same specific gravity as that of the standard fluid. The 
reaction of blood is faintly alkaline and the ¢asfe saltish. Its 


temperature varies slightly, the average being 37°8° C. (100° E.), 
‘The blood stream is warmed by passing through the muscles, 
nerve centres, and a ‘is somewhat cooled on traversing 

@ capillaries al Recently drawn blood has a distinet 





odener, which in many cases is character: from 
which it has been taken. It may be further developed by adding 
to blood « mixture of equal parts of sulphuric acid and water. 
Quantity of the Blood.—The quantity of blood in any 
animal under normal conditions bears a fairly constant relation to 
the boly-weight, The methods employed for estimating it are 
not vo simple a4 tight at first sight have been thought. For 
example, it would not be possible to get any accurute information 
ou the point from the amount obtained by rapidly bleeding an 
animal to death, for then an indefinite quantity would remain in 
the vessels; nor, on the other hand, would it be possible to 
obtain a correct estimate by less rapid bleeding, as, since life 
would be more prolonged, time would be allowed for the passage 
into the blood of lymph from the lymphatic vessels and from 
the tissues. In the former case, therefore, we should under- 
ese and in the latter over-estimate, the total amount of the 


bers the several methods which have been employed the most 
weourate is the following. A small quantity of blood ix taken 
from an animal by venesection ; it is defibrinated and measured, 
and used to make standard solutions of blood. The animal is 
then rapidly bled to death, and the blood which eseapes is 
collected. The blood-vessels are next washed out with saline 
solution until the washings are no longer coloured, and these are 
added to the previously withdrawn blood; lastly the whole 
animal is finely minced with saline solution. The fluid obtained 
from the mincings is carefully filtered and added to the diluted 
blood previously obtained, and the whole is measured. The next 
Step in the process is the compariaoti of the colour of the diluted 
blood with that of standard solutions of blood and water of a 
known strength, until it is discovered to what standard solution 
the diluted blood corresponds. As the amount of blood in the 
corresponding standard solution is known, as well as the total 
quantity of diluted blood obtained from the animal, it is easy to 
calculate the absolute amount of blood which the latter contained, 
and to this is added the small amount which was withdrawn vo 
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make the standard solutions. This gives the totd ameornt ot 
blood which the animal contained. It t& contrasted with the 
weight of the animal, previously known, 

‘The result of many experiments shows that the yuantity of blood 
in varions animals averages ’y to yy of the total body-weight, 

Au estimate of the qyantity in man which corresponded nearly 
with this proportion has been more than once made from the 
following data. A criminal was weighed before and after decapi- 
tation ; the difference in the weight represented tho quantity of 
blood which escaped. ‘The blood-veasels of the head and trank 
were then washed out by the injection of water until the fuid 
which escaped had only a pale red or straw colour. This Maid 
was then also weighed ; and the amount of blood which it repre- 
sented was caloulated by comparing the proportion of solid matter 
contained in it with that of the first blood which escaped on 
decapitation. ‘T'wo experiments of this kind gave the sune 
results. (Weber and Lehmann.) 

Haldane and Lorrain Smith have recently investigated the 
question by another method, A man breathes a certain measured 
volume of carbonic oxide ; the percentage saturation of the hamo- 
globin is then determined in a drop of blood. colorimetrically ; 
from this, the total capacity of the subject's blood for absorbing 
carbonic oxide can easily be calculated; this is the same as the 
‘oxygen capacity.’ The total volume of the blood is then 
calculated from the total and percentage oxygen capacities, and 
the total weight obtained by multiplying the volame by the 
specific gravity (about 1055). These exporiments show that the 
commonly accepted estimate of the mass of the blood is too 
high; the average in fourteon healthy adults was gly of the 
body weight. 








Coagulation of the Blood. 


One of the most characteristic properties which the blood 
possesses is thit of clotting or coagulating, ‘This phenomenon 
may be observed under the most favoarable conditions im blood 
which has been drawn into an open vessel, In about two or three 
minutes, at the onlinary temperature of the air, the surface’ of 
the fluid is seen to become semi-solid or jelly-tike, and this change 
takes place in a minute orstwo afterwards at the sides of the 
vessel in which it is contained, and then extends throughout the 
ontire mass, The time which is occupied in these changes is 
sbout eight or nine minutes. The solid mass is of exactly the 
same volume as the previously Viquid blood, ani adtnerekisn ehonaly 
to the sides of the containing, vessel Uvat Wt Une latter we avert 
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none of ite contents escape. ‘The solid mass ix the crmasnnentim, 
or elot, If the clot is watched for a few minutes, drops of a 
light straw-coloured fluid, the seriem, may be seen to make their 
appearance on the surface, and, as they become more and more 
uumerons, to run together, forming a complete superficial stratum 
above the solid clot. At the same time the fluid begins to 
transude at the sides and at the under-surface of the clot, which in 
the course of an hour or two floats in the liquid. ‘The first drops 
of serum appear on the surface about cleven or twelve minutes 
after the blood has been drawn; and the fluid continues to 
transude for from thirty-six to forty-cight hours. 

The clotting of blood is due to the development in it of a sub- 
stance called yisréin, which appears as a meshwork (fig. 340) of 


. —Retioul of fi * am 
Wh seni of rin fp po 


fine fibrils, ‘This meshwork entangles and 
t 


the whole of the 
mass, but soon the tibri 
serum which does not 
the whole of the s nas 
smaller, but firmer and harder, 
fibrin and blood cor 
constituents of the 
and blood corpuscles, 

Fibrin is formed 
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to the twigs and entanglex but few corpuscles. These may be 
removed by washing with water. Serum is plasma puinus fibrin, 
‘The relation of plasma, serurn, and clot can be seen at a glance in 
the following scheme of the constituents of the-blood >— 


It may be roughly stated that in 100 parte by weight of blood 
60-65 parts consist of plastna and 35-40 of corpuscles. 

The taffy coat is seen when blood coagulates slowly, ax in 
horse's blood. ‘The red corpuscles sink more rapidly than the 
white, and the upper stratum of the clot (buffy coat) consists 
mainly of fibrin and white corpnscles, 

Coagulation is hastened by— 

1. A temperature a little over that of the body. 

. Contact with foreign matter. 
. Injury to the vessel walls, 

. Agitation. 

. Addition of calcium salts. 

ee is hindered or prevented by— 

1. A low temperature. In « vessel cooled by ice, eee 
Late he prevented for an hour or more. 
. The addition of a large quantity of neutral salts lke ‘eodiem 
julphats or magnesium sulphate, 

3. Contact with the living vascularewalls. 

4. Contact with oil. 

5. Addition of oxalates. These precipitate the calcium necessary 
for coagulation as insoluble calcium oxalate. 

6. Injection of commercial peptoue (which consists chiefly of 
proteases) into the circulation of the living animal. 

7- Addition of leech extract. This acts in virtue of  proteose 
it contains. 

The theory generally received whieh accounts best for the 
coagulation of the blood ix that of Hammarsten, and it may be 
briefly stated as follows :— 

When blood is in the versels one of the constitwents of the plasm, a 
proteid of the globulin clase called fibrinogen, exists ina soluble fora. 

When the blood is shed the fibrinogen molecule ia split into tio 
parts > one part is a glolnlin, which remains in walutien Ale dthuee 
ws the insoluble material 


Abe» 











This ferwient doce wot exist in healthy Mood contained in healthy 
blood-veasela, but is one of the products of the disintegration of the 
white corpasctes and blood tablets that occurs when the blood leaves 
the weasels or comes into contact with foreign matter, 

To this it may be added, as the result of recent research, that 
« soluble calcium salt ix essential for the formation of the 
ferment ; that the fibrin-ferment belongs to the class of nucleo- 
proteids; that other nucleo-proveids (Wooldridge’s tissne-fibrino- 
gens) obtained from most of the cellular organs of the body 
produce intravasoular clotting when injected into the circulation 
of « living animal. 

‘The substance which is converted into fibrin-ferment or thrombin 
by the action of a calcium salt may be conveniently termed 

in 

The process of fibrin formation may therefore be represented in 
the following tabular way :— 


In the plasma a proteid enbstance From the coloarless corpuscles 
exists, called— nutcleoproteld is shed out, ¢alled— 
Franrrooks. Peormnom nr. 


| By the action of caloum salts 
| prothrombin fs converted into 
fibrin-ferment, or 
‘THKooniy. 
J 





Thrombin acts on Abrinogen in such a way that two new sulstances are 





formed, 
One of these is unimportant, viz. The other is im 
aglobulin which remains in solution. Fixit, which em 
Its amount is very small, puscles and so forms the CLor. 


The Plasma and Serum. 


‘The liquid in which the corpuscles float may be obtained by 
employing one or other of the methods already described for 
preventing the blood from coagulating. The corpuscles, being 
heavy, sink, and the supernatant plasma can then be removed by 
& pipette or siphon, or more thorouglsly by the use of « centrifugal 
machine (see fig. 341). 

On counteracting the influence which has prevented the blood 
from coagulating the plasma then itself coagulates. Thus yas 
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obtained by the use of cold clots on warning gently ; plasns 
which has been decalcified by the action of « soluble oxalate clots 
on the addition of a calcium salt; plaaus obtained by the nse of 
@ strong solution of salt coagalates when this is diluted by the 
addition of water, the addition of fibrin-ferment being necessiy 
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centrifugal machine, xcan iron socket soured to top af 
earryiog the turntable 9 and marne 
shallow grooves on face of © in which the towt tuber are 
ley fixedt to end of spindle ound tumod by the cord «= 
cond x. The upper part of the figure ke murtnce view of 
fates 









in most cases; where coagulation occurs without the addition 
of fibrin-ferment no doubt some is present from the partial 
disintegration of puscles which has slready occurred. 
Pericardial and hydrocele fluids resemble pure plasma very closdly 
in composition, As & rule, however, they contain few or no white 
corpnsclos, and do not clot spontaneously, Wot alter xe AAG, 
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of fibria-ferment, or liquids like serum that contain fibrin-ferment, 
they always yield fibrin, 

Pure plasma may be obtained from horse's: veins by what is 
known as the ‘living test-tube’ experiment. If the jugular vein 
is ligatured in two places so as to include a quantity of blood 
within it, then removed from the animal and hung in a cool place, 
the blood will not clot for many hours. The corpuscles settle, 
and the supernatant plasma can be removed with a pipette. 

‘Tho plasing ix alkaline, yellowish in tint, and its specific gravity 
is about 1026 te to2g. 1oco parts of plasma contain -— 

Water a 
SOMES oes ties ue 
Proteids : 1, yielel of fibrin 

2, other proteids . 
Extractives (including fat). 
Tnorganicmlte . 

Tu round numbers, plasma contains ro per cent. of solids, of 
which 8 are’ proteid in nature. Note, however, the comparatively 
small yield of Abrin. 

Serum contains the same three classes of constituents—pro- 
teida, extractives, and salts’ The extractives and salts are the 
same in both liquids. The proteids are different, as is shown in 
the following table :— 

Proteida of Plasma, 
Fibrinogen. = i 
Serum globulin. Serum albumin, 
Serum albumin. Fibrin-fermont,, 

‘The gases of plasma and serum are small quantities of oxygen, 
nitrogen, and carbonic acid. The greater part of the oxygen of 
the blood is combined in the red corpuscles with hemoglobin ; 
the carbonic acid is chiefly combined as carbonates. The gases 
of the blood have already been considered under Respiration (see 


mis constituents of the 


called fibrin and a solut 
Fibrinogen is a 

may be separated 

saturation with sodium 


Jing (p. 397), Both 








be separated by dialysis or the uve of neutral eilts* 
The sett way to separate them is to add to the serum an 
equal volume of saturated solution of ammonium salphate. This 
is equivalent to semi-sataration, and it procipitates the globulin, 
If magnesium sulphate is used as a precipitant of the globulin 
it must be added in the form of crystals, and the mixture well 
shaken to ensure com saturation, oat 4 

Serum globulin was formerly called pibrinoplastin, because 
was Raed ole some share in fibrin formation. It is also 
called paraglobulin. It may be imperfectly precipitated by 
diluting seram with twenty times its volume of water and then 
adding a trace of acetic acid, or passing s atream of carbonic acid 
gas through the diluted serum, 

Fitrin-ferment,—Schmidt's method of preparing it is to take 
serum and add excess of alcohol, This precipitates all the 
proteids, fibrin-ferment included. After some weeks the alcohol 
is poured off; the serum globulin and serum albumin have been 
by this means rendered insoluble in water ; an aqueous extract is, 
however, found to contain fibrin-ferment, which is not so easily 
coagulated by alcohol as the other proveids are. 

B. Extractives.—These are non-nitrogenous and nitrogenous. 
The non-nitrogenous are fats, soaps, cholesterin, and sugar, the 
nitrogenous are urea (0°02 to ovog per cent.) and still smaller 
quantities of uric acid, creatine, creatinine, xanthine, and hypo- 
xanthine. 

©. Salts.—The most abundant salt is sodium chloride ; it con- 
stitutes between 60 and go per cent, of the total mineral matter, 
Potassium chloride is present in moch smaller amount, It consti- 
tutes about 4 per cent. of the total ash. The other salts are 
phosphates and sulphates, 

Schmidt gives the following table :— 

too parta of plasma yield — 








Mineral matter ee ere 
Chlorine os - 3 

805. >. sae ornts 
Pei dans; pe 191 
Potaasinm . ( 0"323 
Sodium . re 
Calcium phosphate 2° 2... OEE 
Magnesium phosphate , . . ~ « OT 


The Blood-Corpuscles. 
There are two principal forms of corpuscles, the red and the 
white, or, a8 they are now frequently named, the eWoured and the 


colourless, In the moist state the red corpuscles form about 40 per 


* The globulin of the seram (precipitated toy ‘salting ome —y 
of two proteids, one of which is precipitated by aye Gabe 
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{ee ee The proportion 
of col ra Sie eee 
enka Human red blood corpuscles 





termed Aawmoglobin. The 
fred Nee re bly in adaptation 
to the veasols, and recover thoir natural shape as soon as they 
escape from compression. ‘The colouring matter uniformly per- 
sades the stroma, ‘The consistency of the peripheral part of the 
stroma is greater than that of the more central portions ; this 
plays the part of a membrane in the processes of oxmosis that 
occur when water or silt solution are added to the corpuscles. 

‘The red corpuscles have no nuclei; the uvequal refraction of 
tranamitted light gives the appearance of s central spot, darker 
or brighter than the border, according as it is viewed in or out 
of focus. Their specific gravity is about 1088. 

The corpuscles of all mammals, with the exception of the 
camel tribe, are ciréular and biconcave. ‘They are generally very 
nearly the size of human red corpuscles, They are smallest a 





: 
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the deer tribe and largest in the elephant. In the camelide 
they are biconvex. In all mammals the corpuscles are non- 
nucleated, and in all other vertebrates (birds, reptiles, amphibia, 
and fishes) the corpuscles are oval, biconvex, and nucleated 





‘The above illustration is somewhat altered from & drawing by Gulliver, 
wads Zouk, Society, and exhibits tre tpplen shasaatens of toe ea hoods a the 
main divisions of the ¥ertetrata. ‘The fractions are those of an ineh, and represent 
the average diameter. ‘In the ease uf the oval cella, only the long diamoter is here 
Kable, that although the aize of the red blood-cells varios #0 much 
wos of the vertebmte kingdom, that of the white corpuscles remain 
comparatively uniform, and thus they are, in rome aniinals, larger, fa others emmaler, 
than the red carpaselew 

















(fig. 344) and larger than in mammals, They are largest of all 
in certain amphibians (ampliiwma, protews). 

The red corpuscles are not all alike, for in almost every speci 

Iso observed a certain number of corpuscles 

Whey are ermne’ welerocyter, or Kormnto- 








men of blood may be 
smalier than the rest 
blasts, and are probably iwmnatnre corpuscles, 
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A property of the red corpuscles, which is exaggerated in 
in! is a tendency to adhere together in rolls 
or columns (rouleanx), like piles of coins. These rolls quickly 
pence capone by their ends, and cluster; so that, when the 
blood is spread ont thinly on a glass they form an irregular 
network (Bg. 3442). 

Shing 


on of Reagents.—Considernble light has been thrown on the 
J chemical constitution of red blood-cells by studying the effects 
Mechanical means and by various reagents ; the following is a 
he water Is added gradual frog’s bl hi u 
h ly to frog's blood, the oval 
‘corpuscles become spherical, and penta discharge their 
@ pale, transparont stroma being left behind : human red blood- 
ee com a disepidal to a spheroidal form, and discharge 
‘ing quite transparent and all but 


2 aatine solution causes no effect on the read 
ting them running into rouleanx. ¢ 
If a stronger salt solution ix used, the corpuscles shrink and 
9 crenated 
fn 


: (8g, 345). Vig, 145-—Etfeot 
Dita ad te the nuctous of the red blood-cells  yanlit 2 
tion). 


to become more clearly detined ; if the action ix 

the nucleus becomes strongly granulated, and all 

matter seems to be concentrated in it, the surrounding cell» 

wal outline of the cell becoming almost invisible ; after a time 
the cells lose their colour altogether. The cells in the figure 
346) represent the succemive stages of the change. A 
Joss of colour occurs in the red corpuscles of human 
Dioxl, which, however, from the absence of nuclei, seem to 


entirely. 
: ‘alkalie cause the ret blood-cells to dissolve slowly, 
bee pa stktet to the rei bloe- cele 

form ol to the red bl cells of the frog causes 
them to part with their hwmoglobin ; the stroma of the cells"; 34/—Mteot 
Iecomes gradually broken up. A similar effect is produced 
on the haman red blood-corpuscles. 


















of tannic acid Is applied 
appearance of « sharply- 
Gefined little knob, projecting from the free surface 


a 
Roberts’ macula): the colouring matter becomes at ie) ®) 6) 
same time caricentrated in the nuclens, which grows <> O 
& 








more distinct (fig. 347). A somewhat similar effect is 
‘on the hnwan red blood-corpuscle, the colour 
ing matter being discharged and coagulated as a little 
knob of hematin on the surface of the stroma, 
Borie aeid.—A& 2 ~ cent, solation applied to 
nucleated red blood-cells (frog) will cause the concentration of all the 
colouring matter in the nucleus; the coloured body thus 
formed gradually quits its central position, and comes to be 
partly, sometimes entirely, protruded from the surface of 
the now colourless cell (fig. 348). The result of this experi- 
ment led Brilcke to distinguish the coloured contents of the 
cell (cooid) from its colourless stroma (wcoid), When applied 
tg the non-nncleated mammalian corpusele its effect werely reserables Chu 
of other dilute acids. < 
KP 


Fig. 347-—Eifeot. of 
tannin, 





a4 
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Heat —The effect of heat up to 50°60" ©. “ete oan 
formation of a number of bud-like Esco Is 
Elect: gece 


y fa cath eg er Fl | 


= The Corpusclos,—In 
me the white oF colourless corpuscles OF letioeytin 
(when at rest) are nearly spherical masses of grana- 
lar protoplasm, barat See i Or ee 
congas ‘The size of the corpuscles’ varies considerably, bat 
verages yyy, of an inch (ron) in diameter. 

TT hha ibe @ proportion of white to red corpuscles, which, 
taking an average, is about 1 to 500 or 600, varies considerably 
even in the course of the same day. The variations appear to 
depend chiefly on the amount and probably also on the kind of 
food taken ; the number of leucocytes is generally increased by a 
meal, and diminished by fasting. Also in young persons, during 
pregnancy, and after great loss of blood, there is a larger pro- 
portion of colourless blood-corpuscles. In old age, on the other 
hand, their proportion is diminished. 

Varieties —The colourless corpuscles present greater diversities 

of form than the red ones, Two chief varioties 

(@) are to be seen in human blood ; one of which 

contains a considerable number of coarse gran- 
ules, aud the other, which is paler and less 
granular, contains several nuclei united by fine 
threads of chromatin. 

The granules of these cells have an affinity 
for acid, aniline dyes like eosin. They are there- 
fore spoken of as oxyphile or eosinophile. The 
large granules of the coarsely granular cells are 
much more deeply stained by eosin than the 
granules of the finely granular cells. ‘The latter 
cells are by far the most numerous ; the coarsely 
granular cells only comprise about 5 per cent. 
Fig. 360A. Three of the total number of Teneocytes. Tn size the 

coloured “oot variations aro great, for in most specimens of 

thor. Saunje blood it is possible to make out, in addition to 
noted on by acetic the ful sized varieties, a number of smaller cor- 


are very clearly puscles, consisting of a large spherical nucleus 
qaible Homan Surrounded by a variable amount of more or 
less granular protoplasm. These small corpus- 

cles ave the undeveloped forms ot he odners, mk wre dere 


from the cells of the lymphatic glands, Uvey wre eakved Lywepao- 
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cytes. A fourth variety of leucocyte is the Ayaline corpuscle, in 
‘the protoplasm of which there are no granules. They have «single 
nucleus. Very rarely basophile cells (i.¢., cells whose granules 
have an affinity for basic aniline dyes like methylene blue) are 
found. The nucleus of all these varieties of cells is basophile. 
Amoboid Movement.—The remarkable property of the 
colourless corpuscles of spontaneously changing their shape was 
first demonstrated by Wharton Jones in the blood of the skate. 
If « drop of blood is examined with a high power of the micro- 





Particles of foreign matter 


other structures to be und 
Bice _simephnger|sonbatofng boat and ots suchares eupponed fo be cade 


wipe. under conditions by which loss of moisture is prevented, 
at 








the same time the temperature is maintained by a warm 
stage at about that of the body, 37° C. (98°5° F.), the colourless 
corpuscles will be observed slowly to alter their shapes, and to 





send out processes at various parts of their circumference. The 

ameeboid movement, which can be demonstrated in human colour- 
less blood-corpuscles, can be more readily seen in newt's blood. 

‘The full consideration of amcoboid movement is given on p. 13. 

An interesting variety of amorboid movement is that which leads 

to the ingestion of foreign particles. This gives to the leucocytes 

their power of taking in and digesting bacilli (phagocytosis). "Yoe 
Eu? 
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multinucleated, finely granular corpuscles are the most 
phagocytes. The accompanying figure illustrates this; the cells 
represented, however, are not leucocytes, but the lange amaboid 
cells found in connective tissues, especially in inflamed parts, 
(See also p. 275.) 

‘The process of emigration of the leucocytes: is described on 
P- 274. 

Action of Reagents on the colourless corpuscles. — Water causes 
the corpuscles to swell and their nuclei to become apparent. 
Acetic acid (1 per cent.) has a similar action; it also causes the 
granulea to aggregate round the nucleus (fig. 350). Dilute 
alkalis produce swelling and bursting of the corpuscles. 


The Blood-Platelets, 


Besides the two principal varieties of blood-corpuseles, a third 
kind has been described under the name blood-platelets (iut- 
plitchen). These are colourless dise-ahaped or irregular bodies, 


much smaller than red corpuscles. Different views are held as to 
their origin. At first they were regarded as immature red cor- 
puscles ; but this view is discarded. They may be disintegrative 
prod white corpuscles ; some state that they are merely a 
precipitate of nucleo-proteid which occurs when the plasma dies 
or is cooled. There is, however, no doubt that they do oceur in 
living blood. 
E eration of the Blood-Corpuscles. 


iployed for counting the blood-corpuscles ; most of 
1¢ principle, é.v., the dilution of @ minute volume 
hut of a colourless saline solution similar in 


islasser) or in a cell (Hayem & 

ind the number of corpuscles in 

piven area of the cell, is counted. 

he cell are ascertained by means of 

ular; or in the case of Gowers’ 

va into squares of known size. 

les in the dilated blood, it is 

if normal blood. 

ll pipette (4), which, when 

ubic millimetres. It is 

ja-rab ‘mouth-piece to facilitate 

filling and emptying; marked to hold § cubic 
‘millimetres, an furnis h rubber tube and “mouth- 
>) in w m of the blood is performed : 

& glass stirrer the olution thoroughly ; CF) a 
needle, the len} "s wvet © Genes Sage 
tat te) carrying & glass slide, call onesfith o w mittee 
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deep, and the bottom of which is divided into one-tenth millimetre squares. 
On the top of the cell the cover-glass reste, A standard saline solution 
of sodiam sulphate, or similar ealt, of specitic gravity 1025, is made, and 
cnbic millimetres are measured by means of the pipette into the glass 
jar, and with this five cubic millimetres of blood, obtained by ing 
the finger with the needle, and measured in the capillary pipette (n), are 
thoroughly mixed by the gla stitring-rod. A drop ef this dilnted blood i 
then ‘ec in the cell and covered with a cover-glass, which is fixed in 
tion by means of the two lateral springs. The layer of dilated blood 
the slid cover-glass is } millimetre thick. The preparation is 
icroscope with a power of about oo diameters, 

1e8 dividing the coll into aquares are Visible.Sqad!™ 
he red corpuscles which have sunk to the bottom } of 








A 


te 





Pig. 352—-Hemacytometer, (Gower) 


the cell, and are resting on the squares, are counted in ten squares, and the 
number of white corpuscles noted. By adding together the numbers counted 
in ten (one-tenth millimetre) squares, and, as the blood has been diluted, 
multi ging ten thousand, the number of corpuscles in one cubic milli- 
metre of blood is obtained. The average number of corpuscles per cubic 
millimetre of healthy blood, according to Vierordt and Welcker, is 5,000,000 
fn adult men, and 4,500,c00 in women ; this corresponds to an average of 
so and 45 corpuscles respectively per square of Gowers’ instrument, 

A hwmacytometer of another form, and one that is much used at the 
present time, is known as the Thoma-Zeiss hemacytometer. It consists of a 
carefully graduated pipette, in which the dilution of the blood is done ; this 
is so formed that the capillary stem has a capacity equalling onc-hundredth 
‘of the bulb above it, If the bloc is clrawn up in the capillary tube to the 
line miarked 1 (fig. 354) the saline solution may afterwards Te drawa up 
the stem to the line 10 ; in this way we have 101 parts, of whitch Yue Wook 

forms 1. As the contents of the stem can be displaced wnmixed we Hah 
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have in the mixtare the Lh dilution. The blood and the saline solution 


Fig: 383: 





& covered disc, m, accurately ruled so as to present one square millimetre 
divided into 4oo squares of one-twentieth of a millimetre each, The micro- 
moter thas made {4 surrounded by another annular cell, ¢, whieh has such a 
hi ight as to make the cell eas exact! Pepi} 

i 


Fis. 334 is placed upon m, aud e i covered with 








filed. by 4000 toa gives the ember Of corpuscles 
plied by x too gives the number in 
a cubic millimetre of undiluted blood. 

Dr. George Oliver's Heemacytometer ism mach ensier 
jnstrument to use, and the results obtained are accurate ; 
it does not emable one, however, to ascertain the pro- 
portion of red and white corpuscles, A small measured 
quantity of blood is taken up into & pipette and washed 

RB out into a graduated fattened test-tube with Hayem's 
fluid (sodium chloride o-§ gramme, sodium salphate 
725 gr., corrosive sublimate o25 gr, distilled water 
roocc.), The graduations of the tube are so adjusted 
that with normal blood (7... blood containing 5,000,000 
red corpuscles per cubic millimetre) the Light of a small 
wax candle plnotd three yards from the eye in» dark 
is just visible ax a thin bright line when looked 
at through the tube held edgewnys between the — 
and filled up to the roo mark with Hnyom’s Suid. If the 
number of corpuscles i less than normal, tess of the 
diluting solution is required before the Nght is trans- 
mitted ; if more than ee ete Cote! is 
necessary. The graduations of the tube correspond to 
poreaiUanebe thenormal standand which is tae as 100 





Development of the Blood-Corpuscles, 
Pigs, 35) and 354-— ‘The first formed blood-corpuscles of the human 


Menseytoncer. embryo differ much in their steneral charscters 

from those which belong to the later periods of 

intra-uterine, and to all periods of extra-uterine life. Their 
manner of origin is at frst very simple, 

Surrounding the early embryo is a cireular area, éalled the 
vascular area, in which the first rudiments of the blood-vessels 
and blood-corpuseles are developed. Here the nucleated embryonic 
cells of the mesoblast, from which the Wool-vexseks aut corres 

are to be formed, send owt processes seatlows Ghrectwns, weak 
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these, joining together, form an irregular meshwork. The 
nuclei increase in number, and collect chiefly in the i 
masses of protoplasm, but partly also in the processes. 
nuclei gather around them « certain amount of the Biv 
and, becoming coloured, form the red blood corpuscles. The 
protoplasm of the cells and their branched network in which 
‘these corpuscles lie then become hollowed out into a system of 
canals enclosing fluid, in which the red nucleated corpuscles 
float. The corpuscles at frst are from about yyy t0 ya's of 
wn inch (rom to 164) in diameter, mostly spherical, and with 
contents, and a well-marked nucleus. ‘Their nuclei, 


\ 





Fig. ‘Part of the network of dowel Diood-vesale in the vascular wrea of « 

Pry ; Mtcerputie Bacmine fee ft earned and hollowed-out part 
which are about yyy of an inch (54) in diameter, are central 
and circular, 

‘The corpuscles then strongly resemble the colourless corpuscles 
of the fully developed blood, but are coloured. They are capable 
of ameboid movement and multiply by division. 

When, in the progress of embryonic development, the liver 
begins to be formed, the multiplication of blood-cells in the whole 
mass of blood ceases, and new blood-cells are produced by this 
organ, and also by the lymphatic glands, thymus and spleen. 
These are at first colourless and nucleated, but afterwards acquire 
the ordinary blood-tinge, and resemble very much those of the 
first set. They also multiply by division. In whichever way 
produced, however, whether from the original formative cells of 
the embryo, or by the liver and the other organs mentioned 
above, these coloured nucleated cells begin very early in fortal life 
to be mingled with coloured non-uucleated corpuscles. resembling, 
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those of the adult, and at about the fourth or fifth month of 


Origin of the Matured Coloured Corpuscles.—The non- 
nucleated red corpuscles may possibly be derived from the nucle 
ated, but in all probability are an entirely new formation. Their 
chief origin is — 

From the medulla of bone-—It bas been shown that coloured 
corpuscles are to a very lange extent derived during adult life 
from the large pule cells in the red marrow of bones, especially of 
the ribs. These cells become coloured from the formation of 
hemoglobin chiefly in one part of their protoplasm. This coloured 
part becomes separated from the rest of the cell and forms a red 
corpuscle, being at first cup-shaped, but soon taking on the normal 
appearance of the mature corpusele, Mingled with the ameboid 
colourless marrow cells (p. 59) are a number of other smaller 





Fig. 596.—Derelopment of red corpuscles in connective tise cells, rom the su 
ee of Th new-born rat. tn eel containing hnetanglobin in 1 tured frm ithe 


‘one coutaining coloured 
@ tac wth sour iinblioe of beady ealecm bei Sere dared 
Mer. 





amaboid cells called erythroblasts (fig. 358); these are tinted with 
hemoglobin; they divide and multiply, lose their nuclous, and 
are thus transformed into discoid blood-corpuseles. 

From the tissue of the spleen.—It is probable that coloured as 
well as colourless corpuscles may be produced in the spleen from 
cells similar to the erythroblasts of red marrow, 

The belief which formerly prevailed that the red corpaseles are 
derived from the white or from the platelets has now been discarded. 

During foetal life and possibly in some animals, eg. the mit, 
which are born in an immature condition, for some little time 
after birth, the blood discs have been stated by Schiifer to arise in 
the connective tissue cells in the following way, Small globules, 
of varying size, of colouring matter arise in the protoplasm of 
the cells (fig. 356), and the cells themselves become branched, 
their branches joining the branchea of similar cells, The calle 
next become vacuolated, avi the red gichules axe Tree Wh & caving 
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filled with fluid (fig. 357); by the extension of the cavity of the 
cells into their processes anastomosing vessels are produced, 
which ultimately join with the previously existing vessels, and 
‘the globules, now having the 
size and appearance of the 
ordinary red corpuscles, are 
passed into the general cir- 
culation, This method of 
formation is called intracel- 
lular, Without doubt, the 
red corpuscles haye, like all 
other parts of the organism, 
a tolerably definite term of | i) 
existence, and in a like 
manner die and waste away 
when the portion of work 
allogted to them has been per- 
formed. Neither the length 
of their life, however, nor the 
fashion of their decay has : 
been yet clearly made out. — Fig. 357.—Purther development of 
Tt is generally believed that mation of the Intern xpiaryUlod 
4a certain number of the — rewels. ein ied rd io 
coloured corpuscles undergo corpuscles which are still globular} 
disintegration in the spleon ; fhe‘ sir au a 
and indeed corpuscles in vari- ive now bese dicoid shows the 
ous degrees of degeneration —_of union of & “himapoietic" cell, 
have been observed in that —— with the prolongation (80 of « previousl 
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Origin of the White 
Corpuscles.—The hyaline corpuscles wre derived from the 
lymphocytes which are formed in the lymphatic glands, and 
enter the blood-stream by the thoracic duct. 


ex@8t.cateo 


 198.—Coloured nucleated , from the red of the guinea-piy. 
Fig. 394. boa ag or tad marrow guinea-pig. 


‘The finely granular leucocytes which are the most numerous 
white corpuscles in the blood originate either in the same way, or 
by cell division in the blood-stream itself. 

‘The coarsely granular cosinophile corpuscles, which form about 
5 per cent. of the total leucocytes in normal blood, are found in 

Jarger numbers in the connective tissue in various parts of the 
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3 they are found in special abundance in red marrow, in 
which at one time they wore supposed to originate., ‘But they de 
‘not seem to be exclusively formed here, Some look upon each 
eosinophile corpusele as a little unicellular gland, and the mss 
of corpuscles as a migratory glandular tissue. 


Chemistry of the Blood-Corpuscles, 

‘The white blood corpuscles.—Our chemical knowledge of 
the white corpuscles is small. ‘Their nucleus consists of nuclein, 
their cell-protoplasm yields proteids belonging to the globulin and 
nucleo-proteid groups. The nucleo-proteid obtained from them ix 
not quite the same thing as fibrin-ferment (thrombin) ; it is probably 
the zymogen or precursor of the ferment in); ; the action 
of the calciuin salts of the plasma in shed blood is to convert pro- 
thrombin into thrombin (see p. 411). The protoplasm of these 
cells often contains small quantities of fat and gl 

The red blood corpuscies.—1000 parts Fie red corpaicln 
contain -— 





Wat :.'>. . [ae - 688 
Olginie 5 ee 
Solids { ani ee cathe: 

One hundred parts of the dry organic matter contain— 
ee parts: 
Tremoglobin . ° eaees to ace 

ithin yr: ia r 
Cholesterin . . ‘yr: . 


‘The proteid present is identical with the nueleo-proteid of white 
corpuscles. The mineral matter consists chiefly of chlorides of 
potassium and sodium, and phosphates of calcium and maguesium. 
In man potassium chloride is more abundant than sodium 
chloride; this, however, does not hold good for all animals, 

Oxygen is contained in combination with the hemoglobin to 
form oxyhamoglobin, The corpuscles also contain a certain 
amount of carbonic acid, 

Hemoglobin and Oxyhemoglobin.—The pigment is by far 
the most abundant and important of the constituents of the red 
corpuscles. It is a substance which gives the reactions of « 
proteid, but differs from other proteids in containing the element 
iron, and in being readily crystallisable. 

It exists in the blood in two conditions: in arterial blood it ix 
combined loosely with oxygen, is of a bright red colour, and is 
called oxyhamoglobin ; the other condition is the deoxygenated 
or reduced hmmoglobin (better called simpy Wiernogidsim). “Sis 
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is found in the blood after asphyxia. It also ocours in all venous 

blood—that is, blood which is returning to the heart after it has 

the tissues with oxygen. Venous blood, however, always 

contains a considerable quantity of oxyhwmoglobin also. Hiemo- 

globin is the oxygew-carricr of the body, and it may be called a 
i pigment.* 

Crystals of oxyhemoglobin+ may be obtained with readiness 
from the blood of such animals as the rat, guinea-pig, or dog ; 
with difficulty from other 
animals such as man, ape, 
and most of the common 
mammals, The following 
methods are the best :— 

1. Mix a drop of de- 
fibrinated blood of the rat 
on a slide with a drop of 
water; put on a cover- 
glass; in a few minutes 
the corpusclesarerendered 
colourless, and then the 
oxyhwemoglobin — crystal- 
lives out from the solu- 
tion so formed. . 

2. Microscopical g Crstal 
mens may also be ea Ne st ee 
by Stein's method, which 
consists in using Canada balsam instead of water in the foregoing 
experiment. 

3- On a larger seale, crystals may be obtained by mixing the 
blood with one-sixteenth of its volume of ether; the corpuscles 
dissolve and the blood assumes a laky appearance. After a period 
varying from a few minutes to days, abundant erystals are 
deposited. 

Ty nearly all animals the crystals are rhombic prisms (fig. 359); 
but in the guinea-pig they are rhombic tetrahedra, or four-sided 
pyramids (fig. 360); in the squirrel and hamster, hexagonal 
plates (fg. 361). 

The erystals contain a varying amount of water of crystalli- 


* In the blood of invertebrate animals hwmoglobin is sometimes found, 
but usually in the plasma, not in special corpuscles. Sometimes it is replaced 
by other respiratory pigments, such as the green one, chlorocraorin. found 
in certain worms, and the bine one, hamocyanin, found in many molluscs 
and crustaces. Chlorocruorin contains iron ; hemocyanin contains copper, 

+ Crystals of hamoglobin can also be obtained by carrying out the erystal- 
lisation in an atmosphere free from oxygen. 











428 


sation ; this probably explains their different crystalline for 
solubilities, i tenis totnerverstiave data . 









Hi. sbo—Qarhamontobie eels ated, 
(Hoppe-Seyler), or 
CHyoN FeO, (Nencki 
und Sieber) ; its consti- 


alkaline solations (see 
accompanying plate). 

Globin is a somewhat 
curious proteid; it is 
coagulable by heat, solu- 
ble in dilute acids, and 
precipitable from such 
solutions by ammonia, 
Tt closely resembles a 

substance previously 
separated from red corpuscles by Kossel, and termed by him 
histone. (Schulz.) 

Hemochromogen is sometimes called reduced haxnatin; it 
may be formed by adding a reducing agent like ammonium 
sulphide to an alkaline solution ot \wematin. 1 
spectrum shown on the accompanying plaxe (Xo. 8), iors Uae 









. 61.—Hexagonal oxyhvemoglobin eryytals, from, 
PN ee tod oui. Gatter Pues) 








(Te face p. 429, 


BLOOD-SPECTRA COMPARED WITH SOLAR SPECTRUM, 





Solar Spectrum. 


1 
2. Spectrum of dilute solution of oxyhemogiobin. 
3. “, haemoglobin 

4, carbonic oxide haemoglobin. 

6 F acid hematin in ethereal solution, 
6. alkaline hematin, 

z methaemoglobin. 

8. hemochromogen. 


acid hamatoporphyrin. 
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best: spectroscopic test for blood pigment; the suspected pigment 
is dissolved in potash and ammonium sulphide added. Very 
dilate specimens show the absorption bands, especially the one 
midway between D and E. 

Heemin is of importance, a4 the obtaining of this sub- 
stance forms the chemical test for blood. Hamin crystals, 
sometimes called after their discoverer Teichmann’s crystals, are 
composed of hydrochloride of hematin. They may be prepared 
for examination by boiling a fmgment of dried 
blood with a drop of glacial acetic acid on a slide ; on cooling 
triclinio plates and prisms of « dark brown colour, often in star- 
shaped clusters and with rounded angles (fig. 362), separate 
out, 

In the case of an old blood stain it is necessary to add a 


7, 
s/s 


‘Pig. y0.—Homnin erywtaln. (Frey.) Fig. aa rd exyntale. 





crystal of sodiam chloride. Fresh blood contains sufficient sodium 
chloride in itself. 

‘The action of the acetic acid is, (1) to split the hmmoglobin 
into hwmatin and globin ; and (2) to evolve hydrochloric acid 
from the sodium chloride, The hematin unites with the hydro- 
chloric acid and thus hemin is formed. The formula for hiemin, like 
that of hwmatin, ix variously given. Marner gives C,,HN,FeCl0,. 

is frou-free hematin ; it may be prepared 
by mixing blood with strong sulphuric acid ; the iron is taken 
out as ferrous sulphate. This substance is also found sometimes 
in nature; it occurs in certain invertebrate pigments, and may 
also be found in certain forms of pathological urine. Even 
normal urine contains traces of it. It presents different spectro- 
scopic wppearances according 4s it is dissolved in acid, neutral or 
alkaline media. The absorption spectrum figured (No. 9) is that 
of acid hwmatoporphyrin, 

Hematoidin.—This substance is found in the form of 
yellowish red crystals (fig. 363) in old blood extravasations, and 
4 derived from the hemoglobin, Its crystalline form ond the 
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reaction it gives with fuming nitric acid shows it to be closely 
allied to Biliruéin, the chief colouring matter of the Bile, and on 
analysis it is found to be identical with it. 

Like hwmatoporphyrin, hematoidin is free from iron. These 
two substances are not identical (¢y., hwmatoidin shows no 
spectroscopic bands) ; they are probably isomeric, 


Compounds of Hemoglobin. 


Hemoglobin forms at least four compounds with gases >— 
1. Oxyhmmoglobin, 


With oxygen -{ 2. Methasmoglobin. 
With carbonic oxide... 3. Carbonic oxide hasmoglobin. 
With nitric oxide.” | j Nitric oxide huemoglobin, 


These compounds have similar crystalline forms; they each 
probably consist of a molecule of hemoglobin combined with one 
of the gas in question. They part with the combined gas 
somewhat readily ; they are arranged in order of stability in the 
above list, the least stable first. 

Oxyhemoglobin is the compound that exists in arterial 
blood. Many of its properties haye been already mentioned 
The oxygen linked to the hemoglobin, which is removed by the 
tissues through which the blood circulates, may be called the 
respiratory oxygen of hemoglobin. The processes that occur in 
the lungs and tissues, resulting in the oxygenation and de-oxy- 
genation respectively of the hiemoglobin, may be imitated outside 
the body using either blood or pure solutions of hiwmoglobin. 
The respiratory oxygen can be removed, for example, in the 
Torrivellian vacuum of a mercurial airpump, or by passing a 
neutral gas like hydrogen through the blood, or by the use of 
reducing agents like ammonium sulphide or Stokes’ reagent.* 
1 gramme of hemoglobin will combine with 1°34 c.c. of oxygen. 

Tf any of these methods for reducing oxyhwmoglobin is used, 
the bright red (arterial) colour of oxyhwmoglobin changes to the 
purplish (venous) tint of hemoglobin, On once more allowing 
oxygen to come into contact with the hemoglobin, as by shaking 
the solution with the air, the bright arterial colour returns. 

These colour-changes may be more accurately studied with the 
spectroscope, and the constant position of the absorption bands 


* Stokes’ reagent must always be freshly prepared ; it is a solution of 
ferrous sulphate to which a little tartaric acid has been added, and then 
ammonia till the reaction is alkaline, 


OH, XXVE.) THE SPECTROSCOPE. 431 


seen constitutes an important test for blood pigment. It will be 
first necessary to describe briefly the instrument used. 

‘The Spectroscope.—When a ray of white light ix passed 
through a prism, it is refracted or bent at each surface of the 
prism ; the whole ray is, however, not equally bent, but it is split 
into its constituent colours, which may be allowed to fall on a 
screen. The band of colours beginning with the red, passing 
through ortnge, yellow, green, blue, and ending with violet, is 
called a spectrum : this is seen in nature in the rainbow. Tt may 
be obtained artificially by the glass prism or prisms of a spectro: 


The spectrum of sunlight is interrupted by numerous dark Hines 
crossing it vertically, called Fraucnhofer’s lines. These are per- 
fectly constant in position and serve as landmarks in the spectrum. 
The more prominent are A, B, and C, in the red; D, in the 
yellow ; E, 4, and F, in the green; G and H, in the violet. 
‘These lines are due to certain volatile substances in the solar 
atmosphere. If the light from burning sodium or its compounds 
is examined spectroscopically, it will be found to give a bright 
yellow line, or, rather, two bright yellow lines very close together, 
Potassium gives two bright red lines and one violet line; and the 
other elements, when incandescent, give characteristic lines, but 
none so simple as sodium. If now the flame of a lamp is 
examined, it will be found to give a continuous spectrum like 
that of sunlight in the arrangement of its colours, but unlike it 
in the absence of dark lines; but if the light from the lamp is 
made to pass through sodium vapour before it reaches the 
spectroscope, the bright yellow light will be found absent, and in 
its place a dark line, or, rather, two dark lines very close together, 
occupying the same position as the two bright lines of the 
sodium spectrum. The sodium vapour thus absorbs the same 
rays as those which it itself produces at a higher temperature, 
‘Thus the D line, as we term it in the solar spectrum, is due to 
the presence of sodium vapour in the solar atmosphere. The 
other dark lines are similarly accounted for by other elements. 

The large form of spectroscope (fig. 364) consists of a tube A, 
called the collimator, with a slit at the end S, and a convex lens 
at the end L. The latter makes the raysof light passing through 
the slit from the source of light, parallel: they fall on the prism 
P, and then the spectrum so formed is focussed by the telescope T. 

A third tube, not shown in the figure, carries a small trans- 
parent scale of wave-lengths, as in accurate observations the 
position of any point in the spectrum is given in the terms of the 
corresponding wave lengths. 
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If we now interpose between the source of light and the slit S 
a piece of coloured glass (H in fig, 364), or a solution of a coloured 
substance contained in a vessel with parallel sides (the hwmato- 
scope of Herrmann), the spectram is found to be no longer 
continuous, but is interrupted by a number of dark shadows, or 
absorption bands corresponding to the light absorbed by the 
coloured medium. Thus a solution of oxyhemoglobin of a certain 
strength gives two bands between the D and E lines; hamoglobin 
gives only one; and other red solutions, though to the naked eye 
similar to oxyhmmoglobin, will give characteristic bands in other 
positions. 

A convenient form of small spectroscope is the direct wision 





Pig. 364.-—Dingram of apeotroscupe. 


spectroscope, in which, by an arrangement of alternating prisms of 
crown and flint glass, the spectrum is observed by the eye in the 
same line as the tube furnished with the slit—indeed slit and 
prisms are both contained in the same tube. 

In the examination of the spectrum of small coloured objects 
a combination of the microscope and direct vision spectroscope, 
callod the micro-spectroscope, is us0d. 

The next figure illustrates a method of representing absorption 
spectra diagrammatically. ‘The solution was examined in a layer 
r centimetre thick. The base line has on it at the proper dis- 
tances the chief Frauevhofer lines, and along the right-hand 
edges are percentages of the amount of oxyhwmoglobin present 
in I, of hemoglobin in I. The width of the shadings at each 
level represents the position and amount of absorption corre- 
sponding to the percentages. 

The characteristic spectrum of oxyhwmoglobin, as it actually 
appears through the spectroscope, is seen in the accompanying 
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coloured plate (spectrum 2). ‘There are two distinct absorption 
bands between the D and E lines; the one nearest to D (the a 
band) is narrower, darker, and has bettor-defined edges than the 
other (the 8 band). As will be secn on looking at fig. 365, « 
solution of oxyhwmoglobin of concentration greater than 0°65 
per cent. and less than o°85 per cent. (examined in « cell of 
the usual thickness of 1 centimetre) gives one thick band over- 
lapping both D and FE, and a stronger solution only lets the red 
light through between © and D. A solution which gives the 
two characteristic bands must therefore be a dilute one. The 
one band (y band) of hemoglobin (spectrum 3) is not so well 








o G asc DED OF 
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defined ns the a or A bands. On dilution it fades rapidly, 0 that 
in a solution of such strength that both bands of oxyhwmoglobin 
would be quite distinct the single band of hemoglobin has dis- 
appeared from view. The oxyhwmoglobin bands can be dis- 
tinguished in a solution which contains only one part of the 
pigment to 10,000 of water, und even in more dilute solutions 
which seem to be colourless the a band is still visible. 

Hemoglobin and its compounds also show absorption bands in 
the ultra-violet portion of the spectrum. ‘This portion of the 
spectrum is not visible to the eye, but can be rendered visible 
by allowing the spectrum to fall on a fluorescent screen, or on a 
sensitive photographie plate, In order to show absorption bands 
in this part of the spectrum very dilute solutions of the pig- 
ment must be used, 

K.P. rr 


Solar spectrum. 


mo 





Oxp-hmmog! 








434 THE BLOOD. fom. xvi. 


Oxyhwmoglobin shows a band (Soret’s band) between the 
lines G and H. In hemoglobin, carbonic oxide hemoglobin, and 





Fig. 66.—The photographic spectrum of hannoglobin and oxshmmoglobin, (Gamgee 
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Fig. 367.—The photographic spectrum of oxyhmmoglobin and methmmoglobin. 


(Gamgee 


nitric oxide hemoglobin this band is rather nearer G. Methw 
mogoblin and hamatoporphyrin show similar bands 
We owe most of our knowle 











ge of the “photographic spec- 
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tram” to Prof. Gamgee, through whose kindness I am enabled 
to present reproductions of two of his numerous photographs 
(figs. 366 and 367). 

Mothemoglobin.—This may be produced artificiallyin various 
ways, a8 by adding potassium ferricyanide or amy! nitrite to blood, 
and as it also may occur in certain diseased conditions in the 
urine, it is of considerable practical importance. It can be 
crystallised, and is found to contain the same amount of oxygen 
as oxyhsmoglobin, only combined in a different way. The oxygen 
is not removable by the air-pump, nor by a stream of neutral gas 
like hydrogen. It can, however, by reducing agents like am- 
monium sulphide, be made to yield hemoglobin. Methswmoglobin 
is of a brownish-red colour, and gives a characteristic absorption 
band in the red between the C and D lines (spectram 7 in 
coloured plate). Ia dilute solutions other bands can be seen. 


Potassium ferricyanide fs the most convenient re-agont for making 
methemoglobin, It is, howerer, necessary to mention that it produces 
another effect aa well, namely, it causes an evolution of gus, if the blood 
has been previously Inked by the addition of an ean quantity of water, 
‘This gas is oxygen ; in fact, all the oxygen combined ns oxyluenioglobin is 
discharged, and this may be collected and measured; the addition of 
small amoant of sodium carbonate or ammonia to the blood is necessary 
to prevent the evolution of any carbonic acid. This discharge of oxygen 
from axyhamoglobin is at first sight puzzling, because, as just stated, 
methemoglobin contains the me amount of oxygen that is present in 
oxyhmmoglobin, What occurs is that after the oxygen is discharged from 
oxyhwmoglobin, an equal quantity of oxygen, dve to the oxidising action 
of the reagents fueled, takes its place ; this new oxygen, however, is com- 
bined in some way different from that which was previously united to the 
Iwemoglobin, (Haldane.) 








Carbonic oxide hemoglobin may be readily prepared by 
passing a stream of carbonic oxide or coal gas through blood or 
through « solution of oxyhwmoglobin. It has a peculiar cherry- 
red colour, Its absorption spectrum is very like that of oxy- 
hmmoglobin, but the two bands are slightly nearer the violet end 
of the spectrum (spectrum 4 in coloured plate). Reducing 
agents, like ammonium sulphide, do not change it; the gus is 
more firmly combined than the oxygen in oxyhmemoglobin. 
CO-hemoglobin forms crystals like those of oxyhwmoglobin It 
resists putrefaction for a very long time. 

Carbonic oxide is given off during the imperfect combustion of 
carbon such as occurs in charcoal stoves or during the explosions 
that occur in coal mines: it acts as a powerful poison by 
combining with the hemoglobin of the blood, and thus inter- 
fores with normal respiratory processes. The bright colour of the 

veo 
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blood in both arteries and veins and its resistance to reducing- 
agents are in such cases characteristic. 

Nitric Oxide Hemoglobin.—When ammonia is added to 
blood, and then a stream of nitric oxide passed through it, this 
compound is formed. It may be obtained in crystals isomorphous 
with oxy-and CO-hwmoglobin. It also has a similar spectrum. 


Li 





Fig. 964.—Hoern oglobinometer uf Dr. Gowers. 


It is even more stable than CO-hwmoglobin; it has no practical 
interest, but is of theoretical importance as completing the series. 


Bohr has ndvanced a theory that hemoglobin forms a compound with 
carbonic acid, and that there ane numerous oxyhwmoglobins containing 
different amounts of oxygen, but his views have not been accepted 

Estimation of Heemoglobin.—The most exact method is by the estima. 
tion of the amount of iron (dry humnoglobin containing °42 per cent. of iron 
in the ah of a given specimen of blood, but as this isa somewhat complica 
process, various colorimetric methods hare been proposed which, though not 
80 exact, have the advantage of simplicity. 

Gowera’a Hemoglobinometer.—The apparatus (fig. 368) consists of two 
glass tubes of the same size. One contains glycerine jelly tinted with carmine 
to a standant colour—viz. that of normal blood diluted too times with 
distilled water. The finger is pricked and 20 cubic millimetres of blood are 
measured out by the capillary pipette, B, ‘This is blown out into the other 
tabe and diluted with distilled water, aided drop by drop from the pipette 
stopper of the bottle, A, until the tint of the diluted blood renches the 
standard colour. This tube is graduated into roo parts If the tint of the 
diluted blood is the same ax the standart when the tube is filled up to the 
graduation 100, the quantity of exyhmmoglobin in the blood is normal. If 
it has to be diluted more largely, the oxyhmmoglobin ix in excess; if to a 
smaller extent, it ia less than normal, If the blood haa, for instance, to be 











OH, XXV1.) HEMOGLOBINOMETER. 437 


diluted ap to the graduation 50, the amount of hmmogtobin is only half what 
it ought to Let 2 per cent, of the normal—and so for other vtages, 
Von 's Hemometer.—The apparatus (fig. 7) consists of a 
stand bearing a white reflecting warface (5) and a plat . Under the 
Platform ica slot carrying w glam wedge stained red (K) and moved by a 
wheel (R). On the platform is n small cylindrical vessel divided vertically 








into two compartments, @ and 
Fill with a pipette the cor tinent «’ over the wedge with distilled water, 
Fill about a quarter of the ear ‘compartment (a) with distilled water, 





Fig. s6-—Vieiech!'s Hermoglobinometer. 


Prick the finger and fill the short capillary pipette provided with the 
instrument with blocd, Dissolve this in the water in compartment @ amd 
fill (t up with distilled water. 

Having arranged the reflector (S) to throw artificial light vertically through 
both compartments, look down through then, and move the wedge of glass 
by the milled head (T) until the oalour of the two is identical. » Read off the 
seale, which fs 40 constructed as to give the percentage of hysrmoglobin, 

Dr. George Oliver's Method consists in comparing & specitnen of blood 
suitably diluted in a shallow white palette with a number of standard tests 
very carefully prepared by the use of Lovibond’s coloured glasses. These 
standands aro much better matches fur blood in various degrees of dilution 
than {n the other colorimetric methods. The yellow tint of diluted hmmo- 
globin is very successfully imitated, 











Tests for Blood.—These may be gathered from preceding 
descriptions. Briefly, they are microscopic, spectroscopic, and 
chemical. The best chemical test is the formation of hamin 
crystals. The old test with tincture of guaincum and hydrogen 
peroxide, the blood causing the red tincture to become green, 
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is very untrustworthy, as it ix also given by many other organic 
substances. 

Tn medico-logul cases it is often necessary to ascertain whether 
or not a red fluid or stain upon clothing is or is not blood. In 
any such case it is advisable not to rely upon one test only, but 
to try every means of detection at one’s disposal. To discover 
whether it is blood or not is by no means a difficult problem, 
but to distinguish human blood from that of the common mam- 
mals is practically impossible. 


CHAPTER XXVIL 
THE ALIMENTARY CANAL. 


Tue alimentary canal consists of a long muscular tube lined 
by mucous membrane beginning at the mouth, and terminating 
at the anus. It comprises the mouth, pharynx, @sophagus, 
stomach, small intestine and large intestine, Opening into it are 
numerous glands which pour juices into it; these bring about 
the digestion of the food as it passes along. Some of the glands, 
like the gastric and intestinal glands, are situated in the lining 
mucous membrane of the canal; others like the salivary glands, 
liver, and pancreas, are situated at a distance from the main 
canal, and pour their secretion into it by means of side tubes or 
ducts. 

The events that take place in the alimentary canal are, (1) 
digestion, that is the conversion of the food into soluble sub- 
“stances; and (2) absorption, that is the passage of these soluble 
materials into the blood or lymph in the vessels of the wall of 
the canal. 

Digestion is a series of chemical actions produced by the 
digestive juices on the food. We shall therefore have to study 
the composition of the food as a preliminary to the consideration 
of their digestion. In addition to chemical processes, there are a 
number of mechanical actions such as mastication, deglutition, 
peristalsis, which we shall reserve for a separate chapter. 

In the present chapter we shall take the structure of the 
alimentary canal, reserving, however, a detailed study of the 
glands until we consider the action of their secretions. 
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Tue Movrs. 


This cavity is lined by a mucous membrane consisting of a 
corium of fibrous tissue with numerous patches of lymphoid 
tissue in it, especially in the posterior regions ; and an epitheliam 
of the stratified variety closely resembling the epidermis. The 
surface layers, like those of the epidermis, are made of horny 
scales. Opening into the mouth are a Jarge number of little 
mucous glands, and the salivary glands pour their secretion into 
the mouth also. The teeth (p. 70) have been previously studied. 
The tongue will be considered later in connection with taste. 


Tux Proanyx, 


‘That portion of the alimentary canal which intervenes between 
the mouth and the esophagus is termed the Pharynx, It 
is constructed of a series of three mus- 
cles with striated fibres (constrictors), 
which are covered by a thin fascia ex- 
ternally, and are lined internally by a 
strong fascia (pharyngeal aponeurosis), 
on the inner aspect of which is areolar 
(submucous) tissue and mucous mem- 
brane, continuous with that of the mouth, 
and, as regards the part concerned in 
swallowing, is identical with it in general 
structure. The epithelium of this part We. s70-—Lingual follicle or 





of the pharynx, like that of the mouth, Sats meubrane sith 
is stratified. The upper portion of the fia paralits 2. lyuphoid 
pharynx into which the nares open is phot aad wy) 


lined with ciliated epithelium, 

‘Whe pharynx is well supplied with mucous glands, 

Between the anterior and posterior arches of the soft palate are 
situated the Zonsils, one on each side. A tonsil consists of an 
elevation of the mucous membrane presenting 12 to t5 orifices, 
which lead into crypts or recesses, in the walls of which are 
placed nodules of lymphoid tissue (fig. 371). ‘These nodules are 
enveloped in a less dense adenoid tissue which reaches the mucous 
surface, The surface is covered with stratified epithelium, and 
the corium may present rudimentary papille formed of adenoid 
tissue. ‘The tonsil is bounded beneath by a fibrous capsule 
(fig. 371, 4). Into the crypts open the ducts of numerous mucous 
glands, 
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Tae (sopnacus or GuLuET. 


‘The (Esophagus or Gullet, the narrowest portion tata 
mentary canal, is a muscular tube, nine or ten inches in length, 
which extends from the lower end of the pharynx to the cardiac 
orifice of the stomach. 

Structere—The wsophagus is made up of three couts—viz.y 
the outer, muscular; the middle, sxbmucous; and the inner, 








ie 7 Youle! wethon Vieng 9 4, entrance to the qd 
and 4, the framework of adenoi enclosing tirous tissue; a 
ft nodes +s aad 6, blocd-vemscla "(Stster) 


mucous. ‘The muscular coat is covered externally by a varying 
amount of loose fibrous tissue, It is composed of two layers 
of fibres, the outer being arminged longitudinally, and the 
inner circularly. At the upper part of the asophagus this coat 
is made up principally of striated muscle fibres; they are con- 
tinuous with the constrictor muscles of the pharynx; but lower 
down the unstriated fibres become more and more numerous, and 
towards the end of the tube form the entire coat. ‘The muscular 
coat is connected with the mucous coat by a more or loss 
developed layer of areolar tixsite, whieh forms the submucous coat, 
in which are contained in the lower half or third of the tube many 
mucous glands, the ducts of which, passing through the mucous 
membrane, open on its surface (fig. 372). Separating this coat 
from the mucous membrane proper is a well-developed layer of 
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longitudinally arranged unstriated muscle, called the muscularis 
mucose, ‘The corium of the mucous membrane is composed of 
fine connective tissue, which, towards the surface, is elevated into 
papille. It is covered with a stratified epithelium, of which the 





Pig, 572. —Bection of the mucous membrane and submucous cout of the aserptiagn 


most superficial layers are squamous. The epithelium is arranged 
upon a basement membrane. 

In newly-born children the corium exhibits, in many parts, the 
structure of lymphoid tissue (Klein). . 


Tur Sromacn. 


Tn man and those Mammalia which are provided with # single 
stomach, it consists of a dilatation of the alimentary canal 
placed between and continuous with the asophagus, Which enters 
its larger or cardiac end on the one band, and the small intes- 
tine, which commences at its narrowed end or pylorus, on the 
other. It varies in shape and size according to its state of 
distension. 
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Structwre—The stomach is composed of four coats, called 
respectively—(1) an external of peritoneal, (2) muscular, (3) sub- 
mucous, and (4) mucous 
coat; with blood-vessels, 
lymphatics, and nerves 
distributed in and be- 
tween them. 

(1) The peritoneal cont 
has the structue of serous 
membranes in gener. 
(2) The muscular coat 
consists of three sepa- 
rate layers or sets of 
fibres, which, according 
to their several directions, 
are named the longitu- 
dinal, circular, and ob- 
lique, The longitudinal 
set are the most super- 
ficial: they are continuous 
with the longitudinal 
fibres of the oesophagus 
and spread out in a di- 
verging manner over the 
cardiac end and sides of 
the stomach. They ex- 
tend as far as the pylorus, 
sean especially distinet 
at the lesser or upper 
curvature of the stomach, 
along which they pass in 
several strong hands. The 
next set, the circular or 
transverse fibres, are most 
smu vertical wction through the me. sbundant at the middle 
matrane of the cardine end of stomach, and in the pyloric portion 
‘Two glands are shown with a duct common to Bek A 
Erp eeots es aes uct Common % of the organ, and form 


coming shorter ax the ‘traced down ie! f SEE 
ward 'n, beck of gland tubes, with eentraland the chief part of the thick 


pace ene henearin on seanee | brviecting, ring ot tim 
bere. "(ieiehi/and Noble Smith.) pylorus. They are con- 
tinuous with the circular 

layer of the intestine. The deepest set of fibres are the oblique, 
continuous with the circular muscular fibres of the esophagus: 
they are comparatively few in number, and are found only at the 
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cardiac portion of the stomach ; they form a sphincter around the 
cardine orifice. The muscular fibres of the stomach and of the 
intestinal canal are wnetriated, being composed of elongated, 
spindle-shaped fibre-cells, 

(3) ‘The submucous coat consists of loose areolar tissue, which 
connects the muscular coat to the mucous membrane, It con- 
tains blood-vessels and nerves; im the contracte: state of the 
stomach it is thrown into numerons, chiefly longitudinal, folds 
or rugw, which disappear when the organ is distended. 

(4) The mucous membrane is composed of a corium of fine 
connective tissue, which approaches closely in structure to adenoid 
tissue ; this tissue supports the tubular glands of which the 
superficial and chief part of the 
mucous membrane is composed, 
and passing up between them 
assists in binding them together. 
The glands are separated from »_ 
the rest of the mucous membrane 
by a very fine homogencous base 
ment membrane. The corium is 
covered with a layer of columnar « 
epithelium, which passes down 





into the mouths of the glands, Fie, 37 Teparrene eacios:' tereugh 
At the deepest part of the Pf 


mucous membrane are two thin 
layers (circular and longitudinal) 
of unstriped muscular fibres, called the mescularis mucose, 
which separate the mucous membrane from the scanty submucous 
tissue, 

When examined with a lens, the internal or free surface of the 
stomach presents a peculiar honeycomb appearance, produced by 
shallow polygonal depressions, the diameter of which varies 
generally from ¢feth to ytyth of an inch (about 125); but near 
the pylorus is as much as yggth of an inch (250u). In the 
bottom of these little pits, and to some extent between them, 
minute openings are visible, which are the orifices of the ducts of 
perpendicularly arranged tubular glands (fig. 373), imbedded side 
by side in sets or bundles, om the surface of the mucous 
membrane, and composing nearly the whole structure. 

The glands of the mucous membrane aro of two varieties, 
(a) Cardiac, (b) Pyloric. 

(a) Cardiac glands are found throughout the whole of the 
cardiac half and fundus of the stomach. They are arranged in 
groups of four or five, which are separated by a fine connective 











THE ALIMENTARY CANAL. Tox. xxvn 


tissue. Two or three tubes open into one duct, which forms about — 
a third of the whole length of the tube and opens on the surface. 
The ducts are lined with columnar epithelium. Of the gland- 
tube proper, i. the part of the gland below the duct, the upper 
third is the neck and the rest the ody. ‘Tho neck is narrower 
than the body, and is lined with coarsely granular polyhedral 
cells which are continuous with the 
columnar cells of the duct. Between 
these cells and the basement mem~ 
brane of the tubes, are large oval 
or spherical cells, opaque or granular 
in appearance, with clear oval nuclei, 
bulging out the basementmembrane; 
these cells are called parietal cella 
They do not form « continuous 
layer. The body, which is broader 
than the neck and terminates in a 
blind extremity or fundus near the 
muscularis mucosm, is lined by cells 
continuous with the centrad cells of 
the neck, but longer, more columnar 
and more transparent. In this 
part are a few parietal cells of the 
same kind as in the neck (fig. 


373) 

(8) Pyloric Glands.—These glands 
(fig. 375) have much longer ducts 
a than tho cardiac glands. Into each 
Pig. j74.—Section showing the pylorio duct two or three tubes open by 

, 1 fgeens ut very short and narrow pe 
Se collars eee Mien, the body of each tube is branched, 
and Noble Smith.) wavy, and convoluted, The lumen 

is large. The ducts are lined with 
columnar epithelium, and the neck and body with shorter and 
finely granular cubical cells, which correspond with the central 
cells of the cardiac glands. As they approach the duodenum the 
pyloric glands become larger, more convoluted and more deeply 
situated.” They are directly continuous with Brunner’s glands 
in the duodenum. 

Lymphatic —Lymphatic vessels surround the gland tubes to 
n greater or less extent, Towards the fundus of the cardiac 
glands are found masses of lymphoid tissue, which may appear as 
distinct follicles, somewhat like the solitary glands of the small 
intestine. 
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Blood-versels.—The biood-veasels of the stommch, which first 
break up in the sub-mucous tissue, send branches upward between 
the closely packed glandular tubes, anastomosing around them by 
means of a fine capillary network, with oblong meshes. Con- 
tinuous with this deeper plexus, or prolonged upwards from it, is 
& more superficial network of larger capillaries, which branch 
densely around the orifices of the tubes, and form the framework 
on which are moulded the 
amall elevated ridges of mu- 
cous membrane bounding the 
minute, polygonal pits before 
referred to, From this super- 
Aeial network the veins chiefly 
take their origin, Thenee pass- 
ing down between the tubes, 
with no very free connection 
with the deeper inter-tuhuar 
capillary plexus, they open 
finally into the venous network 
in the sub-mncous tissue (fig. 
376). 

Nerves. —The nerves of the 
stomach are derived from the 
pueumogastric and  sympa- 
thetic, and form two plexuses, 
one in the sub-tnucous and the 
other between the muscular 
layers. 

These plexuses are con- 
tinuous with those which occur 
in the same situations in the 
intestine, and which we shall again refer to there. 





Tie Leresroves. 


‘The Intestinal Canal is divided into two chief portions, named, 
from their differences in diameter, the emall and large intestine. 
These are continuous with each other, and communicate by 
means of an opening guarded by a valve, the ieo-ceeal valve, 
which allows the passage of the products of digestion from the 
small into the large bowel, but not, under ordinary circumstances, 
in the opposite direction. 

Tho Small Intestine.—The Small Intestine, the ay 
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length of which in an adult is about twenty fect, has been 
divided, for convenience of description, into three portions, viz., 
the duodenum, which extends for eight or ten inches beyond the 
pylorus; the jejunum, which forms two-fifths, and the ileum, 
which forms three-fifths of the rest of the canal. 

Structure.—The small intestine, like the stomach, is constructed 





Fig. 37 


of four 

mucous, 
(1.) The serous cout is formed by the visceral layer of the 

peritoneum, and has the structure of serous membranes in 


viz,, the serous, muscular, sub-mucous, and 





general. 





consists of an internal cireular and an 
external longitudinal layer: the former is usually considerably 
the thicker. Both alike consist of bundles of unstriped muscle 


(2.) The muscular co: 
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supported by connective tissue, They are well provided with 
lymphatic vessels, which form a set distinct from those of the 
mucous membrane, 

Between the two muscular coats is a nerve-plexus (Auerbach's 





3 tof the 
ig. 338-—Horisontal section of small fragment of eg einen 
seperated by loose adenoid tinue. 





Auebech nerve n wal nie. Ganon ae ime 
Pi 8 shontaytherwhle ot whichis sacoed ts oramcieated anceth Tio = 


plexus) (fig. 379), similar in structure to Meissner’s (in the sub- 
mucous coat), but coarser and with more numerous ganglia, 


(3-) Between the mucous and muscular coats is the snbmucous 
coat, which consists of connective tissue in which numerous blood- 
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vessels and lymphatics ramify. A fine plexus, consisting: 
of non-medullated nerve-fibres, Metesner's plerus, with 
cells at its nodes, ocoura in the submucous tissue from the 
to the anus. £ 

{4-) The mucous membrane is the most important coat in 
relation to the function of digestion. The following structures, 
which enter into its composition, may now be successively 
described :—the valuular connéventes ; the villé; and the glanda, 
‘The general structure of the mucous membrane of the intestines 
resembles that of the stomach, and, 
like it, is lined on its inner surface 
columnar epithelium. Adenoid tissue 
(fig. 378) enters largely into its construc- 
tion; and on its deep surface is the ms 
cularis mucose (m, fig. 381), the fibres 
of which are arranged in two layers: the 
outer Jongitudinal and the inner circular, 

Valvular Conniventes. — The valvules 
conniventes (fig. 380) commence in the 
duodenum, about one or two inches 
beyond the pylorus, and becoming larger 
and more numerous immediately beyond 
the entrance of the bile duct, continue: 
thickly arranged und well developed 
throughout the jejunum ; then, gradually: 
ve ine ipeebalyag. diminishing in size and number, they 

Rete ort by cease near the middle of the ileum. 

the normal position of They are formed by a doubling inwards 

Natural alse of the mucous membrane; the cres- 

centic, nearly cireular, folds thus formed 
are arranged transversely to the axis of the ffitestine, but each 
individual fold seldom extends around more than 4 or % of 
the bowel’s circumference, Unlike the rugw in the c-sophagus 
and stomach, they do not disappear on distension of the canal. 
Their function is to afford a largely increased surface for secretion 
wnd absorption, They are covered with villi. 

Villi.—The Villi (figs. 381, 382, and 383) are confined exelu- 
sively to the mucous membrane of the small intestine. They 
are minute vascular processes, from yl to } of an inch (+5 to 
3 mm.) in length, covering the surface of the mucous membrane, 
and giving it a peculiar velvety, fleecy appearance. Krause 
estimates them at fifty to ninety in number in a square line at 
the upper part of the small intestine, and at forty to seventy in 
the sume area at the lower part. They vary in form even in the 
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‘same animal, and differ according as the lymphatic vessels or 
lacteals which they contain are empty or full; being usually, in 
the former case, flat and pointed at their summits, in the latter 
cylindrical. 

Each villus consists of a small projection of mucous mem- 
brane ; ite interior consists of 
fine adenoid tissue, which forms 
the framework in which the 
po constituents are on- 


regres of the villus is 
elothed by columnar opithelium, 
which rests on a fine basement 
membrane; while within this are 
found, reckoning from without 
imwards, blood-vessels, fibres of 





all rine of «villus of 


‘anal of & cat. a, 
striated border of ” = 
‘plthsliom, 

Calley ey conteal. lymph ee 


‘smooth ‘muscular 
er eter Le 
corpuseles lie. (Klein.) 





the muscularis mucosa, and a single lymphatic or lacteal vessel 
sometimes looped or branched (fig. 383). 

The epithelium is continuous with that lining the other parts 
of the mucous membrane. The cells are arranged with their long 
axis radiating from the surface of the villus (fig. 382), and their 
smaller ends resting on the basement membrane. The free 
surface of the epithelial cells of the villi, like that of the cells 


KP, GG 
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which cover the general surface of the mucous membrane, is sur- 
mounted by a bright border which exhibits very delicate striations, 
whence it derives its name, eriated border (see pp. 27—29). 
Immediately beneath the basement membrane there is a rich 
supply of blood-vessele. ‘Two or more minute arteries are distri- 
buted within each villus; and from their capillaries, which form 





Pig. ASA. Vitus of sheep, B. Vilti of man, (lightly aitered from Teiohmann,) 


a dense network, proceed one or two small veins, which pass out 
at the base of the villus 

The layer of the muscularis mucose in the villus forms « kind 
of thin hollow cone immediately around the central lacteal, and 
is, therefore, situated beneath the blood-vessels, It is instrumental 
in the propulsion of chyle along the Incteal 

The tacteal vease! in exch villus ix the form of commencement 
af the lymphatic system of vessels in the intestines, It begins 
almost at the tip of the villus commonly by a dilated extremity. 
In the larger villi there may be two small Incteal vessels which 
join, or the lacteals may form a network in the villus (fig. 383) 
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Glands,—The glands are of two kinds :—viz, those of Lieber- 
kahn and of Brunner, Peyer's patches and the solitary follicles 
are composed of lymphoid nodules. Though sometimes called 
glands, they form no external secretion. 

The glands or erypts of Lieberkiihn are tubular depressions 
of the intestinal mucous membnine, thickly distributed over 
the whole surfwe both of the large and small intestines. In 
the small intestine they are visible only with the aid of a lens; 
and their orifices appear as minute dots scattered between the 
villi, They wre larger in the large intestine, and increase in size 





fron the 1 ad the A 

om jaraen 7.0 Rte 
epithelial calls, whieh have: become ba cy 
‘transformed calls. X 550. Tongitudinal 
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the nearer they approach the anal end of the intestinal tube; 
and in the rectum their orifices may be visible to the naked eye. 
In length they vary from yy to y's of an inch, Each tubule 
(fig. 385) is constructed of w fine basement membrane, lined by a 
layer of columnar epithelium, many of the cells of which are 
goblet cells. 

Brunner’s glands (fig. 381) are confined to the duodenum; they 
are most abundant and thickly set at its commencement, and 
diminish gradually as the duodenum advances. They are situated 
beneath the muscularis mucosie, imbedded in the submucous 
tissue; each gland is a branched and convoluted tube, lined with 
columnar epithelium. In structure they are very similar to the 
pyloric glands of the stomach, but they are more branched and 
convoluted and their ducts are longer. The duct of each gland 


ao? 
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passes through the muscularis mucosw, and opens on the surface 
of the mucous membrane. 

Peyer's patches are found in greatest abundance in the lower 
part of the ileum near to the ileo-cwcal valve. They consist, of 
aggregated groups of lymphoid nodules; they vary from one 
to three inches in length, and are about half-an-inch in width, 
chiefly of an oval form, their long axes being parallel with that 
of the intestine. ‘They are almost always placed opposite the 
attachment of the mesentery. 

When the lymphoid nodules occur singly, us they often do 





Vig. 986.—Agminate follicles, or Peyer's patch, in a state of distension. x 5, (Hechm.) 


both in small and large intestines, they sre called solitary glands, 
or follicles, 

The Large Intestine —The Large Intestine, which in an 
adult is from about 4 to 6 feet long, is subdivided for descriptive 
purposes into three portions, vis.:—the cacum, a short wide 
pouch, communicating with the lower end of the small intes- 
tine through an opening, guarded by the ileo-caeal valve; the 
colon, continuous with the caecum, which forms the prineipal part 
of the large intestine, and is divided into ascending, transverse, 
and descending portions; and the rectum, which, after dilating 
at its lower part, again contracts, and immediately afterwards 
opens externally through the anus Attached to the cwcum is the 
small appendix: vermiformis 

Structure. —Like the small intestine, the large intestine is con- 
structed of four coats, viz., the serous, muscular, submucous, 
and mucous, The serous cont has connected with it the small 
provesies of peritoneum containing fat, called appendices eniplotea, 
The fibres of the muscular cont, like those of the small 
intestine, are arranged in two layers—the outer longitudinal, 
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the inner circolar. Tn the eweum and colon, the longitudinal 
fibres, instead of being, a4 in the small intestine, thinly disposed in 
all parts of the wall of the bowel, are collected, for the most part, 
into three strong bands, which, being shorter, from end to end, 
than the other coats of the intestine, hold the canal in folds, 
bounding intermediate aneculi. On the division of these bands, the 
intestine can be drawn ont to its full length, and it then assumes 
an uniformly cylindrical form. In the rectum, the fasciculi 





Vige. 187.—Tremvverse spetion of injeoted Peyer's patah (from Kiilliker). ‘The drawing was 
MUU fun preparation made by Prey from tne tateiae ofthe robbie sft repmeeeste 


Frey 

Pan rpg t-te camlbeehaenlal 
of these longitudinal hands spread out and mingle with the other 
longitudinal fibres, forming with them a thicker layer of fibres than 
exists in any other part of the intestinal canal. The cireular mus- 
cular fibres are spread over the whole surface of the bowel, but 
are somewhat more marked in the intervals between the sacculi. 
Towanda the lower end of the rectum they become more numerous, 
and at the anus they form a strong ring called the internal 
sphincter muscle. 

The mucous membrane of the lange, like that of the small 
intestine, is lined throughout by columnar epithelium, but, unlike 
it, is quite destitute of villi, and is not projected in the form of 
valvulee conniventes, Its general microscopic stracture otherwise 





















454 THE ALIMENTARY CANAL. 
resembles that of the small inten: a 
WeMCORE. '- 


sth oth al t,t a ea ng 
nodules of adenoid or lymphoid tissue are most Times ie the 
eeum and vermiform appendix. They resemble in and 
structure the solitary glands of the small intestine. 


circular muscular fibres of the intestine, which are contained 
between the outer surfaces of the two layers of which each fold 
is composed. While the circular muscular fibres, however, at the 
junction of the ileum with the cecum are contained between 
the outer opposed surfaces of the folds of mucous membrane 
which form the valve, the longitudinal muscular fibres and 
the peritoneum of the small and large intestine respectively 
are continuous with each other, without dipping in to follow the 
circular fibres and the mucous membrane. In this manner, 
therefore, the folding inwards of these two last-named structures 
is preserved, while on the other hand, by dividing the longitu- 
dinal muscular fibres and the peritoneum, the valye can be 
made to disappear, just as the constrictions between the sacculi 
of the large intestine can be made to disappear by performing 
@ similar operation. The mucous membrane of the ileum is 
continuous with that of the e@eum. That surface of each 
fold of the ileo-cwcal valve, which looks towards the small in- 
testine is covered with villi, while that which looks to the caecum 
has none. When the cecum is distended, the margins of the 
folds ure stretched, and thus are bronght into firm apposition one 


with the other, 
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CHAPTER XXVIII. 
FOOD. 


‘Tnx chief chemical compounds or proximate principles in food 


4. Proteida . wees 

a peste 8 % es 5 porgnnic. 
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In milk and in eggs, which form the exclusive foods of 
young animals, all varieties of these proximate principles are 
present in suitable proportions. Hence they are spoken of as 
perfect foods, Eggs, though a perfect food for the developing 
bird, contain too little carbohydrate for a mammal. In most 
vegetable foods carbohydrates are in excess, while in animal 
food, like meat, the proteids are predominant. In a suitable 
diet these should be mixed in proper proportions, which must 
vary for herbivorous and carnivorous animals. 

A healthy and suitable diet must possess the following cha- 
mien — 

. It must contain the proper amount and proportion of the 
See proximate principles. 

2. It must be adapted to the climate; to the age of the 
individual and to the amount of work done by him. 

3. The food must contain not only the necessary amount of 
proximate principles, but these must be present in a digestible 
form. As an instance of this, many vegetables (peas, beans, 
lentils) contain even more proteid than beef or mutton, but are 
not so nutritious, as thoy are less digestible, much passing off 
in the feces unused. 

‘The nutritive value of a diet depends chiefly on the amount 
of carbon and nitrogen it contains. A man doing a moderate 
amount of work will eliminate, chiefly from the lungs, in the 
form of carbonic acid, from 250 to 280 grammes of carbon per 
diem. During the same time he will eliminate, chiefly in the 
form of urea in the urine, about 15 to 18 grammes of nitrogen. 
‘These substances are derived from the metabolism of the tissues, 
and various forms of energy, mechanical motion and heat being 
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the chief, are simultaneously liberated. During muscular exercise 
the output of carbon greatly increases ; the increased excretion 
of nitrogen is not nearly so marked. Taking, then, the state of 
moderate exercise, it is necessary that the waste of the tissues 
should be replaced by fresh material in the form of food; and the 
proportion of carbon to nitrogen should be the same asin the 
excretions: 250 to 15, or 16°6 to r, The proportion of carbon 
to nitrogen in proteid is, however, 53 to 15, or 35 tor, The 
extra supply of carbon must come from non-nitrogenons food— 
viz, fat and carbohydrate. 
Moleschott gives the following daily diet :— 


ee . 5 z a s . t20grma 
oe Sk ee a 
Cevicgees, ER RIT os 


Ranke's diet closely resembles Moleschott's ; it is— 








Proteid > 100 grms, 
Fat . eR ee am LOO" 
Carbohydrate. . ‘ . « 250 





Such typical diet as these must not be considered as more 
than rough averages of what is necessary for » man in the 
course of the day. Actual experience shows that in the diets 
of different nations there are considerable variations from this 
standard without the production of ill effects. Age, and the 
amount of work done also influence the amount of food neces 
sary ; growing children, for instance, require a relatively: rich 
diet ; thus, milk, the diet. of the infant, is proportionally twice 
‘as rich in proteids, and half as rich again in fats, a8 the normal 
diet given above. During work more food is necessary than 
during inactivity. 

Ranke’s and Moleschott’s diets just given are by no means 
generous ones; most English people take more proteid. From 
the composition of the more commonly-used foods, G. N. Stewart 
calculates that 500 grammes of bread and 250 grammes of lean 
meat constitute a fair quantity for a man fit for hard work, 
Adding 500 grammes of milk, 75 grammes of oatmeal porridge, 
3° grammes of butter, and 450 grammes of potatoes, we get, 
approximately, 20 grammes of nitrogen and 300 grammes of 
carbon contained in 135 grammes of proteid, 97 grammes of fat, 
and about 400 grammes of carbohydrate. This diet is thus a 

liberal one than the *‘ adequate” diets just given. 
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In tabular form the facts just given may be more suceinetly 
stated :— 





Batter. . 





| | 202 299 | 135 on | a3 | an 





We shall have to return to the composition of dicts again in 
our study of metabolism; and now we will proceed to consider 
the principal foods. 


Milk. 


Milk, which we have already spoken of as a perfect food, is 
only 80 for young children. For those who are older, it ix so 
voluminous that unpleas- 
antly large quantities of it 
would have to be taken in 
the course of the day to , 
ensure the proper supply 
of nitrogen and carbon. 
Moreover, it is relatively 
too rich in proteid and fat. 
Tt also contains too little 
iron (Bunge): hence chil- 
dren woaned late become 
anamic, 

The microscope reveals 
tht it consists of two 
parts: a clear fluid and a Pig. j88.—Olobules of cow's mill. x goo. 
number of minute particles 
that float in it. These consist of minute oil globules, varying in 
diameter from o'oo1§ to o*oo5 millimetre (fig. 388). 

The milk secreted during the first few days of lactation is 
called colostrum. It contains very little caseinogen, but large 
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quantities of globulin instead. Microscopically, cells from the 
acini of the mammary gland are seen, which contain fat 
globules in their interior ; they are called colostrum 

Reaction and Spocific Gravity.—The reaction of fresh 
cow's milk and of human milk is generally neutral or slightly 
alkaline. In carnivora the milk is acid. All milk readily turns 
aoid or sour as the result of fermentative change, part of its 
lactose being transformed into lactic acid. The specific gravity of 
milk is usually ascertained with the hydrometer, That of normal 
cow’s milk varies from 1028 to 1034. When the milk is skimmed 
the specific gravity rises, owing to the removal of the light con- 
stituent, the fat, to 1033 to 1037. In all cases the specific 
gravity of water, with which other substances are compared, is 
taken as 1000. 

Composition. — Frankland gives the following table, con- 
trasting the milk of woman, ass, and cow :— 


| = | Woman. an Cow. 

| | Percent, Yer cont. Per cent. 
Proteids (chiefly caseinogen) . 27 v7 ‘42 

| Batter(fat) ~. 9. wy 35 List 3 
Lactose. z 50 45 38 
Salts . | oa 3 o7 


Hence, in feeding infants on cow's milk, it is necessary to dilute 
it, and add sugar to make it approximately equal to natural 
human milk. 

The Proteids of Milk.—The principal proteid in milk is 
called caseinogen ; it is precipitable by acids such as acetic acid, 
and also by saturation with magnesium sulphate, or balf satura- 
tion with ammonium sulphate, so resembling globulins; it is 
coagulated by rennet to form=casein. Cheese consists of casein 
with the entangled fat. The other proteid in milk isan albumin, 
It is present in small quantities only; it differs in some of 
its properties (specific rotation, coagulation temperature, and 
solubilities) from serum-albumin ; it is called /act-albumin. 

‘The Coagulation of Milk.—Kennet is the agent usually em- 
ployed for this purpose: it is a ferment secreted by the stomach, 
especially in sucking animals, and is generally obtained from the 
calf, 

The curd consists of the casein and entangled fat: the liquid 
residue called whey contains the sugar, salts, and albumin of the 
milk. There is also a small quantity of a new proteid called 
whey-proteid which differs from caseinogen by not being con- 
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vertible into casein ; this is produced by the decomposition of the 
caseinogen molecule during the process of curdling. 

The curd formed in human milk is more finely divided than that 
in cow's milk ; and it is more digestible. In feeding children and 
invalids on cow's milk, the lumpy condition of the curd may be ob- 
viated by the addition of lime water or barley water to the milk. 

The addition of rennet produces coagulation in milk, provided 
that « sufficient amount of caloium salts is present. If the calcium 
salts are precipitated by the addition of potassium oxalate, rennet 
causes no formation of casein. The process of curdling in milk isa 
double one; the first action due to rennet is to produce a change 
in caseinogen ; the second action is that of the calcium salt which 
precipitates the altered caseinogen as casein. In blood also, cal: 
cium salts are necessary for coagulation, but there they act in 
a different way, namely, in the production of fibrin ferment (see 
Pe 410) 

Caseinogen is often compared to alkali-albumin. The latter, 
however, does not clot with rennet, and is, unlike caseinogen, 
readily soluble in acids, Caseinogen is not a globulin, though it 
is, like globulins, readily precipitated by neutral salts, Tt differs 
from a globulin in not being coagulated by heat. It is 4 nucleo- 
proteid ; that is, a compound of a proteid, with the proteid-like 
but phosphorous rich material called nuclein (see p. 400). 

The Fats of Milk.—The chemical composition of the fat of 
milk (butter) is very like that of adipose tissue. It consists 
chiefly of palmitin, stearin, and olein. There are, however, smaller 
quantities of fats derived from fatty acids lower in the series, 
especially butyrin and caproin. ‘The relation between these 
varies somewhat, but the proportion ix roughly as follows:— 
Olein, $; palmitin, §; stearin, $; butyrin, caproin, and 
ecaprylin, yy. ‘The old statement that each fat globule is sur- 
rounded by a film of caseinogen is not now regarded as true by 
most authorities. Milk also contains emall quantities of lecithin, 
a phosphorised fat ; of cholesterin, am alcohol which resembles fat 
in its solubilities, and « yellow fatty pigment or lipochrome. 

Milk Sugar, or Lactose.—This is a saccharose (C,,H,,0,)). 
Its properties have already been described in Chap. XXV,, p. 388. 

Souring of Milk.—When milk is allowed to stand, the chief 
change which it ix apt to undergo is a conversion of a part of 
its lactose into lactic acid. ‘This is due to the action of micro- 
organisms, and would not ocour if the milk were contained in 
closed sterilised vessels, Equations showing the change pro- 
duced are given on p. 388. When souring occurs, the acid 
formed precipitates a portion of the caseinogen. This must not 
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be confounded with the formation of casein from caseinogen 
which is produced by rennet, There are, however, some ‘bacterial 
growths which, like rennet, produce true coagulation. 

‘Alcoholic Fermentation in MUk.—Wheu ‘yeast teladded to 
milk, the sugar does not readily undergo the aleoholic fermenta- 
tion. Other somewhat similar fungoid growths are, however, able 
to produce the changes, as i in the preparation of koumiss; the milk 
sugar is first inverted, that is dextrose and galactose are formed 
from it (see p. 388), and it is these sugars from which aleohol 
and carbonic acid originate, 

The Salts of Milk.—The chief salt present ix calcium phos- 
phate ; a small quantity of magnesium phosphate is also present. 
‘The other salts are chiefly chlorides of sodium and potassium, 


pain hele 


note eae Caps divisions or lobes, and these 
gain. diviat into Tobrles the Te are compen the 


palo and dilated subdivisions of the main ducta hi 
noctive-tisano, Covering the | surface of the gland, 





from the under surface of the gland to the sheathing connective-titime of the 
great pectoral muscle on which it lies The main ducts of the fifteen 
to twenty in number, called the lactiferove ducta, are formed by the union 
of the eal: lobular) ducts, and open by smal) separate orifices through 


dilated ; and daring the period of active secretion by ake 
form reservoirs for the milk, which collects in and distends them. 
of the gland-duets are formed of areolar with some unstriped py ee | 
and are Lined internally by short columnar and near the nipple by 
thelium. The alveoli consist of a basement membrane 
by low colamnar epitheliam, 

i ibe The nipple {a composed of areolar tissue, and containa unsteiped musealar 

jood-vessels are also freely supplied to it, #0 aa to give it a 
ay On its surface are very sensitive wey and around it fs a 
small area or areola of pink or dark-tinted skin, on which are to be seen 
small projections formed by minute secreting men 

Blood-vessels, nerves, and lymphatics arc plentifully supplied to the 
mammary glands ; the calibre of the blood-vessels, as well as the size of the 
glands, varies very greatly under certain conditions, especially those of 
pregnancy and lactation, The secretory nerves of the mammary glands have 
‘not yet been discovered. 

The alveoli of the glands during the secreting periods are found to be 
lined with very short columnar cells, with nuclei situated towards the centre. 
‘The edges of the cella towards the lumen may be irregular and ji 
the remainder of the alveolus is filled up with the materials of the milk. 
rae the intervals between the acts of discharge, the celle of the alveoli 

jongate towards the lumen, their nuclei divide, and in the part of the cells 
wert the lumen a collection of oil globules and of other materials takes 


Pate next stage is that the cells divide and the part of each towards the 


£ 
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amen containing # nucleus and the materials of the secretion, disintegrates 
and goes to form the solid part of the milk. The cells also secrete water, 





Fig. j8o.—Dissection of the lower half of the female mamma, during the period uf 
aetation. 





Fig. 99°-—Seetion of mammary gland of bitch, showi 
short columnar form. 'x 200, 


cin, Uned with epithelial cells of 
D: Harel.) 

salts, and milk sugar, The fat, &c,, of milk are not simply picked out from 
‘the blood by the secreting cells, but these materials are formed by metabolic 
processes within the protoplasm of the cells, 





In this country the eggs of hens and ducks are those partiow- 
larly selected as foods. The chief constituent of the shelZ is 
calcium carbonate. ‘The white is composed of a richly albuminous 
fluid enclosed in a notwork of firmer and more fibrous material. 
The amount of solids is 13-3 per cent.; of this 12°2 is proteid 
in nature (egg-albumin, with smaller quantities of egg-globulin, 
and of a mucinoid substance called ovo-mucoid), and the re- 
mainder is made up of sugar (o's per cent.) traces of fats, 
lecithin and cholesterin, and o°6 per cent, of inorganic salts. 
The yolk is rich in food materials for the development of the 
future embryo. In it there are two varieties of yolk-spherules, 
one kind yellow and opaque (due to admixture with fat and a 
yellow lipochrome), and the other smaller, transparent and 
almost colourless; these are proteid in nature, consisting of 
the nucleo-proteid called vitetlin, Small quantities of sugar, 
lecithin, cholesterin and inorganic salts are also present, 

The nutritive value of eggs is high, as they are so readily 
digestible ; but the more an egg is cooked the more insoluble do 
its proteid constituents become. 


Meat. 


composed of the muscular and connective (including 
of certain animals. ‘The flesh of some animals is 
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hot eaten ; in some cases this is a matter of fashion, in others, 
owing to an unpleasant taste, such as the flesh of carnivors is 
said to have ; and in other cases (¢.g. the horse) because it is more 
lucrative to use the animal as a beast of burden. 

Meat is the most concentrated and most easily assinilable 
of nitrogenous foods. It is our chief source of nitrogen. Its 
chief solid constituent is proteid, and the principal proteid ix 
myosin. In addition to the extractives and salts contained 
in muscle, there is always a certain percentage of fat, even 
though all visible adipose tissue is dissected off. Tho fat-cells 
are placed between the muscular fibres, and the amount of fat so 
situated varies in different animals; it ix particularly abundant 
in pork; hence the indigestibility of this form of flesh: the fat 
prevents the gastric juice from obtaining ready access to the 
muscular fibres. 

‘The following table yives the chief substances in some of the 
principal meats used as food :— 








Constituents, | om. | feat, | Pie. | Home. | Fowl | Pike 
sf Fi 

Water, . . | 756 | 726 | Yes | 708 
Pane +) 1 st 3 793 


Protelds and yelatin® . 
| FORK. CW's Eas 
Carbohydrate . 
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‘The large percentage of water in meat should be particularly 
noted ; if a man wished to take his daily minimum of 100 
grammes of proteid entirely in the form of meat, it would be 
necessary for him to consume about 500 gnunmes (ie, « little 
more than 1b) of meat per die. 


Flour. 


The best wheat flour is made from the interior of wheat grains, 
and contains the greater proportion of the starch of the grain and 
most of the proteid. Whole flour is made from the whole grain 
minus the husk, and thus contains not only the white interior but 
also the harder and browner outer portion of the grain, This 
outer region contains 4 somewhat larger proportion of the proteids 
of the grain, Whole flour contains 1 to 2 per cent. more proteid 





* ‘The ea of young animals ix richer in, gelatin than that of old; thus 
tooo parts ot hoof yield 6, af veal 50, parts of gelatin. 

















it passe along. 

The best flour contains very little sugar. The presence 
sugar indicates that germination ally ae eect eee 
In the manufacture of malt from barley this is purposely 
to go on. 

When mixed with water, wheat flour forms a sticky, adhesive 
mass called dough. ‘This is due to the formation of gluten, and 
the forms of grain poor in gluten cannot be made into dough 
os rice, &c.). Gluten does not exist in the four as such, but 

is formed on the addition of water from the pre-existing globulins: 
in the flour. ' 

‘The following table contrasts the composition of some of the 
more important vegetable foods :-— 





‘Constituents, Wheat Barley. Onte | Rice. econ Pow, eta. 
a Diva 
Water “ «W176 | 138 | tag | age | ie | 148 760 
Prowid. =. i 136 ie é | re | (24 4 237 
ane 4 fA } i 16 
Btarch . . 


20 
679 69 ss 765 348 493 206 
. | 
Cellulowc . . | 3) v2 | 06 | 36 | 7: 

Mineral malte, =. 3 =| yo| 1 | 2% As ee 
AS | it 


We see from this table— 

1. The great quantity of starch always present. 

2. The small quantity of fat; that bread is generally eaten 
with butter is a popular recognition of this fact. 

3. Proteid, except in potatoes, is pretty abundant, and espe- 
cially so in the pulses (lentils, peas, &c.), The proteid in the 
pulses is not gluten, but consists of vitellin and globulin-like 
substances, 

In the mineral matters in vegetables, sults of potassium and 
magnesium are, as 4 rule, more abundant than those of sodium 
and calcium. 


Bread. 


Bread ix made by cooking the dough of wheat flour mixed 
with yeast, salt, and flavouring materials. A ferment in the flour 
acts at the commencement of the process, when the temperature 
is kept a little over that of the body, and forms dextrin and 
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sugar from the starch, and then the alcoholic fermentation, due 
to the action of the yeast, begins. ‘The bubbles of carbonic acid, 
burrowing passages through the bread, make it light and spongy. 
This enables the digestive juices subsequently to soak into it 
readily and affect all parts of it. In the later stages, viz, baking, 
the temperature is raised, the gas and alcohol are expelled from 
the bread, the yeast is killed, and @ crust forms from the drying 
of the outer portions of the dough. 

White bread contains, in 100 parts, 7 to 10 of proteid, 55 of 
carbohydrates, 1 of fat, 2 of salts, and the rest water. 


Cooking of Food. 


‘The cooking of foods is a development of civilisation and serves 
many useful ends :— 

1. It destroys all parasites and danger of infection. This 
relates not only to bacterial growths, but also to larger parasites, 
such as tapeworms and trichine. 

2. In the case of vegetable foods it breaks up the starch 
grains, bursting the cellulose and allowing the digestive juices to 
come into contact with the granulose. 

3- In the case of animal foods it. converts the insoluble collagen 
of the universally distributed connective tissues into the soluble 
gelatin. ‘The loosening of the fibres is assisted by the formation 
of steam between them, By thus loosening the binding material, 
the more important elements of the food, such as muscular fibres, 
are rendered accessible to the gastric and other juices. Meat 
before it ix cooked is generally kept a certain length of time to 
allow rigor mortis to pass off. 

Of the two chief methods of cooking, roasting and boiling, the 
former is the more economical, as by its means the meat is first 
surrounded with a coat of coagulated proteid on its exterior, 
which keeps in the juices to great extent, letting little else 
escape but the dripping (fat). Whereas in boiling, unless both 
bouillon and bouilli ure used, there is considermble waste. Cooking, 
especially boiling, renders the proteids more insoluble than they 
are in the raw state; but this is counterbalanced by the other 
advantages that cooking possesses, 

In making Jeef tea and similar extracts of meat it is necessary 
that the meatshould be placed in cold water, and this is gradually 
and carefully warmed. In boiling « joint it is usual to put the 
meat into boiling water at once, so that the outer part is coagu- 
lated, and the loss of material minimised, 

An extremely important point in this connection ix that 

Kn. wu 











moderate limits is not as a food but as a stimulant ; condiments 
(mustard, pepper, ginger, curry powder, kc.) which are 
stomachie stimulants, the abuse of which is followed by 


are stimulants chiefly to the nervous system; tea, coffee, 


countries all owe their chief property to an alkaloid called theine 
or caffeine (Cy Hy N,O,); cocoa to the closely related alkaloid, 
theobromine (C, He N, 04); coca to cocaine. These alkaloids 
are all poisonous, and used im excess, even in the form of ins 
fusions of tea and coffee, produce over-oxcitement, loss of digestive 
power, and other disorders well known to physicians. Coffee 
differs from tea in being rich in aromatic matters; tea contains « 
bitter principle, tannin; to avoid the injurious solution of too 
much taunin, tea should only be allowed to infuse (draw) for 
few minutes, Cocoa is uot only a stimulant, but a food in 
addition ; it contains about 50 per cent. of fat, and 12 per cent. 
of proteid, Still, ws ordinarily prepared as on infusion, the 
quantity taken does not contain much of these food materials. 

Green vegetables are taken as a palatable adjunct to other foods, 
rather than for their nutritive properties. Their potassium salts 
are, however, abundant. Cabbage, turnips, and asparagus contain 
80 to g2 water, § to 2 proteid, 2 to 4 carbohydrates, and 4 to 
15 cellulose per cent. The small amount of natriment in most 
green foods accounts for the large meals made by, and the vast 
capacity of the alimentary canal of, herbivorows animals. 


_ aa 
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CHAPTER XXIX. 
SECRETING GLANDS. 


Berone passing on to the action of the digestive secretions on 
foods, it will be well to discuss some of the general aspects of the 
question, and the varieties of glands by means of which these 
substances are formed. 

Tt is the function of gland cells to produce by the metabolism 
of their protoplasm certain substances called secretions. These 
materials are of two kinds; vix., those which are employed for 
the purpose of serving some ulterior office in the economy, and 
those which are discharged from the body as useless or injurious, 
In the former case the separated materials are termed secretions ; 
in the latter they are termed excretions. 

‘The secretions, as a rule, consist of substances which do not pre- 
exist in the same form in the blood, but require special cells and 
a process of elaboration for their formation, ¢y., the liver cells for 
the formation of bile, the mammary gland-cells for the formation 
of milk. The excretions, on the other hand, commonly consist of 
substances which exist ready-formed in the blood, and are merely 
abstracted therefrom. If from any cause, such as extensive 
disease or oxtirpation of an excretory organ, the separation of an 
excretion is prevented, and an accumulation of it in the blood 
ensues, it frequently escapes through other organs, and may be 
detected in various fluids of the body. An instance of this ix seen 
after the kidneys have been removed. Urea then accumulates in 
the blood. But this is never the case with secretions; for after 
the removal of the special organ by which each of them is manu- 
factured, the secretion is no longer formed. 

The circumstances of their formation, and their final destina- 
tion, are, however, the only particnlars in which secretions and 
excretions can be distinguished ; for, in general, the structure of 
the parts cuyaged in eliminating excretions is a8 complex as that 
of the parts concerned in the formation of secretions. And since 
the differences of the two processes of separation, corresponding 
with those in the several purposes and destinations of the fluids, 
are not yet ascertained, it will be sufficient to speak in general 
terma of the process, 

Every secreting spparatus consists essentially of a layer of 
seereting celiv arranged round 4 central cavity; they take from 
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Ly te wynovial membrane, | 


ture of serous mombranes (p. 204), aud also the question whether 
the lymph in a true secretion (pp. 317—320). 

The synovial membranes line the joints and the sheaths of 
tendons aud ligaments with which we may include the synovial 
burme, ‘The contonts of there sacs is culled synovia; it lubricates 
the surfaces of the joint and so ensures an casy movement. 
Synovia is « rich lymph pls  mucinoid material ; and it is this 
lutter coustituent which gives the secretion its viseidity. Tt is 
thus a true secretion ; and is formed by the epithelial cells whieh 
form an imperfect lining to the sac, and which are expecially accu 
mm) @ processes of the synovial fringes (fig. 392). 
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A mucous membrane consists of two parts; the epithelium 
on its surface, and the corfu of connective tissue beneath, The 
epithelium generally rests on a basement membrane which is 
usually composed of clear flattened cells placed edge to edge. 

The name mucous is derived from the fact that these membranes 
all secrete mucin, the chief constituent of mucus; this may be 
formed from the surface epithelium cells breaking down into 
goblet cells (see p. 29), or an analogous process may occur in 
the cells of little glands called mucous glands, situated more or 
leas deeply under the epithelium, and opening on the surface by 
duets. Many mucous membranes (¢., that of the storanch) form 
other secretions as well. 

Mucous membranes line all those passages by which internal 
parts communicate with the exterior, and by which either matters 
are eliminated from the body or foreign substances taken into 
it, The principal tracts are Gastro-pulmonary and Genito-urinary : 
the former is sub-divided into the Digestive and Respiratory 
tracts. 

Secreting glands may be classified according to cortain types, 
which are the following :—1, The simple tubular gland (4, fig. 392), 
examples of which are furnished by the crypts of Lieberkahn, 
in the intestinal wall. They are simple tubular depressions of 
the mucous membrane, the wall of which is formed of a basement 
membrane and is lined with seereting cells arranged as an 
epithelium. To the same class may be referred the elongated 
and tortuous audoriferoua glands. 

2. The compound tuhdar glands (p, fig. 392) form another 
division, These consist of main gland-tubes, which divide and 
sub-divide. Each gland may be made up of the subdivisions of 
one or more main tubes. The ultimate subdivisions of the tubes 
are generally highly convoluted. ‘They are formed of a basement- 
membrane, lined by epithelium of various forms. The larger 
tubes may have an outside coating of fibrous, areolar, or 
muscular tissue. ‘The kidneys and testes are examples of this 
type. 
3. The racemose glands are those in which a number of vesicles 
or acini are arranged in groups or lobules (o, fig. 392). ‘The Meibo- 
mian follicles are examples of this kind of gland. Some glands like 
the pancreas are of a mixed character, combining some of the cha- 
racters of the tubular with others of the racemose type; these are 
called tubulo-racemose or tubulo-acinous glands. These glands differ 
from each other only in secondary points of structure, but all have 
the same essential character in consisting of rounded groups of 
vesicles containing gland-cells, and opening by « common central 
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cavity into minute ducts, which ducts in the large glands o 
verge and unite to form larger and larger tubes, and at leng 








m of types of xecreting glands. a, simple glands, vis,, 9. straight tab 
5 coiled tule. n, multilocular crypts; k, of tubular form; 1, 

¢, Pacemone, oF saccular compound gland; m, entire gland, showing at 
and lobular structure: », a lobule, detached with ¢, branch of duct proceeding frx 
itp, compound tubular gland, (Sharpes. 





agen by one common trunk on a free surface. The larg; 
sranemcee glands like the salivary glands are called compound rac 
cqoeghands, On internal secretions, see p. 321. 





OM, Xxx.) SALIVA, 47t 


CHAPTER XXX. 
SALIVA. 


Tne saliva is formed by three pairs of salivary glands, called 
the parotid, submaxillary, and sublingual glands. 


The Salivary Glands. 


‘These are typical secreting glands. They are made up of 
lobules united by connective tissue. Each lobule is made of a 
group of tubulo-saccular alveoli or acini, from which a duct 
passes; this unites with other ducts to form larger and larger tubes, 
the main duet opening into the mouth, 

Fach alveolus is surrounded by a plexus of eapillaries; the 





Pie. s9)-— Prsenenlobalar duet eat femme (klein and Noble Baths) 
lymph which exudes from these is in direct contact with the 
basement membrane that encloses the alveolus. The basement 
membrane is lined by secreting cells which surround the central 
eavity or lumen. ‘The basement membrane is thin in many 
places to wllow the lymph more ready access to the secreting 
cells; it is continued along the ducts, 

The secreting epithelium is composed of a layer of polyhedral 
cells. 

The epitheliam of the ducts is columnar, except where it passes 
into an alveolus; at this point it is flattened, The columnar 
epithelium cells of the ducts exhibit striations in their outer part 
(see fig. 393); the inner zone of each cell is made of granular pi 
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submaxillary, and some of the alveoli in the human submaxillary), 
the cells after treatment with water or alcohol are clear and 
swollen (fiz. 395); this ix the appearance they nsually present in 





L ys.—teotion through a muco land hardened alcohol. The alreoll are Hnedt 
DM aetepentot tonto ccls ont eaistds thom coe the densa (Mcchaianae 


sections of the organ. But if examined in their natural state by 
teasing a portion of the fresh gland in serum, they are seen to be 
ccoupied by large granules composed of a substance known as 
smmeigen or mcr 
‘tmanuaformed 








hen the gland is active, mucigen is 
barged as a clear droplet of that 
the alveolus. Outside these are 
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smaller, highly granular cells containing no mucigen; these mar- 
ginal cells stain darkly, and generally form crescentic groups 
(crescents or demilunes of Gianurxi) next to the basement mem- 
brane. They do not secrete mucin, but are albaminous cells. 
After seeretion their granules are lessened. 

Tn those alveoli which do not secrete mucin, bat a watery 





Pig. h—A part of section throagh w mucous eland after prolonged electrical stimulae 
< tion. ‘The alyeelt aww lived with mall granular cella. fEavdowehi.) 


non-viscid saliva (parotid, and some of the alveoli of the haraan 
submaxillary), the cells are filled with small granules of 
albuminons nature. Such alveoli are called serous or aldnminows, 





Fig. 3o7-—Alveail of parotid gland. A. betore secretion + B, in the fret stay of wecretion 5 
©, after prolonged seeretion, (Langley.) 


to distinguish them from the mucous alveoli we have just de- 
scribed. 

_ These yield to the seeretion its ferment, ptyalin. The 
granular substance within the cell is the mother substance of 
the ferment (symogen), not the ferment itself. It is converted 
into the ferment in the act of secretion. We shall study the 
question of zymogens more fully in connection with the gastric 
glands and the pancreas where they have been separated from 
the ferments by chemical methods, In the case of saliva we may 
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term the zymogen, ptyalincgen provisionally, but it has never 
Leen sutisfucturily separated chemically from ptyali 

After secretion, due to the administration of food or of such a 
drug a» pilucarpine, the cells shriuk, they stain more readily, their 
pecomue luere conspicuous, and the outer part of each cell 
Clear and free from granules (fig. 397)+ 

















The Secretory Nerves of Salivary Glands. 


The nerve-fibres which are derived from cranial and sym- 
pathetic nerves ramify between the gland cells, but have never 
actually been traced into them. 

These nerves control and regulate the secretion of saliva. 

‘The general truth concerning the existence of secretory nerves, 
we have already hecome acquainted with (p. 164). The subject has 
been worked ont most thoroughly in connection with the salivary 
glands, particularly the submaxillary gland in dog, rabbit, &e., 
which we will take first. 

The Submaxillary and Sublingual Glands.—These glands 
receive two sets of nerve-tibres ; namely, from the chorda tympani 
and the sympathetic. 

The chorda tympant is given off from the seventh cranial nerve 
in the region of the tympanum.* After quitting the temporal 
bone it passes downwards and forwanls, and joins the lingual 
‘h it is bound up for a short distance. On leaving 
the lingual nerve it traverses the ehmarillary ganglion ; it: then 
runs parallel to the duct of the gland, gives off a branch to the 
sublingual gland, and others to the tongue. The main nerve 
enters the hilus of the submaxillary gland, where it traverses a 
1 the substance of the gland, and 
. overer, Lanyley’s ganglion. 

‘The sympathetic branches to these two glands are derived from 
the plexus around the facial artery, and accompany the arteries 
which supply the glands. 

Section of the nerves produces uo immediate result ; but after 
a few days an abundant sceretion of thin watery saliva takes 
place ; this is called paralytic secretion, and is produced either by 
the activity of the local nervous mechanism, which is then uncon- 
trolled by impulses from the central nervous system ; or else, 
it is a degenerative effect analogous to the fibrillar contractions 



























© Though the chonla tymnan’ 
seventh or facial nerve, i* + that its fibres are derived from the 
gloso-pharyngeal, whic d with the facial in the tympanum, 





OM, XXX.) SECRETORY NERVES. 475 


whieh occur in degenerating muscles after severance of thoir 
nerves. If the operation is performed on one side, the glands 
of the opposite side also. show a similar condition, and the thin 
saliva seoreted there is called the antilytre scuretion, 

Stimulation of the peripheral end of the divided ehorda 
tympani produces an abundant secretion of saliva, whieh is 
accompanied by vasodilatation (see p. 308). 

Stimulation of the peripheral end of the divided sympathetic 
causes a scanty secretion of thick viseid saliva, accompanied by 
vaso-constriction. 

The abundant secretion of saliva, which follows stimulation of 
the chorda tympani, is not merely the result of a filtration of fluid 
from the blood-vessels, in consequence of the largely increased 
circulation through them. This is proved by the fact that, when 
the main duet is obstructed, the pressure within it may consider- 
ably exceed the blood pressure in the arteries,* and also that when 
into the veins of the animal experimented upon, some atropine has 
been previously injected, stimulation of the peripheral end of the 
divided chorda produces all the vascular effects as before, without 
any sceretion of saliva accompanying them. Again, if an animal's 
head is cut off, and the chorda be rapidly exposed and stimulated 
with an interrupted current, a secretion of saliva ensues for a 
short time, although the blood flow ix necessarily absent. 
These experiments serve to prove that the chorda contains two 
sets of nerve fibres, one set (vesodilatator) which, when stimu- 
lated, cause the veasols to dilate; while another set, which are 
paralysed by atropine, directly stimulate the cells themselves to 
activity, whereby they secrete and discharge the constituents of 
the saliva which they produce. On the other hand, the sym- 
pathetic fibres are also of two kinds, vaso-constrictor und 
secretory, the latter being paralysed by atropine, The chorda 
tympani nerve is, however, the principal nerve through which 
efferent impulses proceed from the central nervous system to 
excite the secretion of these glands, 

The function of the ganglia has been made out by Langley by 
the nicotine method (see p. 301). At one time the submaxillary 
ganglion was supposed to be the seat of reflex action for the 
secretion. This, however, is not the case. The ganglia are cell- 
stations on the course of the fibres to the submaxillary and 


* The stwlent should not fall into the error of supposing that the saliva 
is normally woreted at such high pressure, If it were 90 the saliva. woul 
spurt from the salivary duct with greater force than the blood would spurt 
from the arteries when they are cut, The high pressure alloded to in the 
text only occars when the duct is obstructed, 
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mublingual glands. Nicotine applied locally has the power of 
paralysing nerve-cells, but not nerve-fibres. If the submaxillary 
ganglion is painted with nicotine, and the nerve stimulated on the 
central side of the ganglion, secretion from the submaxillary 
gland continues, but that from the sublingual gland ceases. The 
parilysed nerve-cells in the ganglion act as blocks to the propaga- 
tion of the impulse, not to the submaxillary, but to the sublingual 
. The cell station for the submaxillary fibres is in Langley’s 
nglion. 

Parotid Gland. 














This gland also receives two sete of nerve- 





Hig. j8-—Diagrammatio representation of the submaxillary gland of the dog with ibe 
werves atid. blood-vemsels. (This is not intended to illustrate the exact enatomient 
ywlations of the several structures) am. gid., the wubnaxillary gland into the duct 
‘em: 4.) Of which s cannula hax boon ted.’ ‘The sublingual gland and duct and 
Langley’ ganglion are not shown, 9. 1, ®, & the Lingual or gustatory nerve : 
At, ch. (, the chords tympani proceeding from the facial nerve, becoming eom= 
joinat with’ the lingual atm. (.', and afterwards diverging and paasing to the gland 
slong the duct ; sm. gi, satmaxillary ganglion with itx root; mt, ! 
herve proconding to the tongue; . eor., the carotid artery, two branches of whie 
= sm. a, wid r, ee, p. pass to the anterior and jor paris of the gland ; ¢. i, Ub 
anterior and poster from the gland ending in v.J., the Jagular vein; 
the cunjol ‘the mupertor-cervion! gangiion. 
two branch facial urtory are distzibuted 

to the anterior and posterior partion of 
en by the nereous fmpalses; da 
1 anit deseen 





























by the chorda tympani 


fibres analogous to those we have studied in connection with the 
submaxillary gland. The principal secretory nerve-fibres are 
glossopharyngeal in origin; the sympathetic is mainly vaso- 
constrictor, but in some animals does contain a few secretory 
fibres © 
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When secretory nerves are stimulated, the main result is 
secretion leading to a diminution of the granules in the cells. 
The accompanying vascular condition determines the quantity of 
saliva secreted. Electrical changes also accompany secretory 
activity. A rise of temperature is stated by some to occur, but 
if this is the case it is very slight, so that some observers have 
not been able to detect it. 

Reflex Secretion.—Under ordinary circumstances the secro- 
tion of saliva is a reflex action, The principal afferent nerves are 
those of taste; but the smell or sight of food will also cause “the 
mouth to water ;" and under certain circumstances, as before 
vomiting, irritation of the stomach has a similar effect. These 
sensory nerves stimulate a centre in the medulla from which 
efferent secretory impulses are reflected along the secretory nerves 
(chorda tympani, é&e.) to the glands. 

Extirpation of the Salivary Glands.—These may be 
removed without any harmful effects in the lower animals. 


‘The Saliva. 


‘The saliva is the first digestive juice to come in contact with 
the food. ‘The secretions from the different salivary glands differ 
somewhat in composition, but they are mixed in the mouth; the 
secretion of the minute mucous glands of the mouth and « certain 
number of epithelial cells and débris are added to it. The xo- 
called ‘salivary corpuscles’ are derived from the glands then- 
selves or from the tonsils. 

On microscopic examination of mixed saliva a few epithelial 
scales from the mouth and salivary corpuscles from the salivary 
glands are seen. The liquid is transparent, slightly opalescent, 
of slimy consistency, and may contain Jumps of nearly pure 
mucin. On standing it becomes cloudy owing to the precipitation 
of calcium carbonate, the carbonic acid, which held it in solution 
as bicarbonate, escaping. 

Of the three forms of saliva which contribute to the mixture 
found in the mouth the sublingual is richest in solids (2-75 per 
cent.). The submaxillary saliva comes next (2"1 to 275 per cent.). 
When artificially obtained by stimulation of nerves in the dog the 
saliva obtained by stimulation of the sympathetic is richer in 
solids than that obtained by stimulation of the chorda tympani. 
The parotid saliva is poorest in total solids (073 to o'5 per cent.), 
and contains no mucin, Mixed saliva contains in man an average 
of about o'5 per cent, of solids: it is alkaline in reaction, due to 
the salts in it; and has a specific gravity of 1,002 to 1,006. 




































SALIVA. [os 
‘The solid constituents dissolved in saliva may be classified thus: 
Mucin: this ng be precipitate ie weld. 
a Ee by acetic acid. 





Inorganic. 4 f. Other sodiam carbonate, phosphate 
\f Ueki vis spb’ potas eho 

The action of saliva is twofold, physical aud chemical. 

The physical use of saliva consists in moistening the mucous 
membrane of the mouth, assisting the solution of soluble sub- 
stances in the food, and in virtue of its mucin, lubricating the 
bolus of food to facilitate swallowing. 

‘The chemical action of saliva is due to its active principle, 
ptyalin. This substance belongs to the class of 
ferments, and to that special class of unorganised ferments which 
are called amylolytic (starch splitting) or diastatic ( 
diastase, the similar ferment in germinating barley and other 


grains). 

The starch ix first split into dextrin and maltose ; the dextrin 
is subsequently converted into maltose also: this oceurs more 
quickly with erythrodextrin, which gives a red colour with 
iodine, than with the other variety of dextrin called ach: 
which gives no colour with iodine. Brown aud Morris give the 
following equation :-— 


10(CgH0s).+ 40 H,0 
(aren [water] 


= 4n€ gH, On + (CoH Oat (CoH wd 
{maltose} [achroowlextein}  [orytiro-dextrin} 

Ptyalin acts in a similar way, but more slowly on glycogen > it 
has no action on cellulose ; hence it is inoperative on uncooked 
starch grains, for in them the cellulose layers are intact. 

Ptyalin acts best at about the temperature of the body (35— 
40° C.). It acts best in a neutral medium; a small amount of 
alkali makes but little difference; a very small amount of acid 
stops its activity. The conversion of starch into sugar by saliva 
in the stomach continues for « short time (15 to 30 minutes). It 
then ceases owing to the hydrochloric acid secreted by the glands: 
of the stomach, The acid which is first poured out neutralises 
the saliva, and combines with the proteids of the food, but when 
free acid appears pt 1 is destroyed, and so it cannot resume 
work when the ac ralised in the duodenum. Another 
contained in pancreatic juice (to be considered: 
its starch in the intestine, 
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CHAPTER XXXL. 
THE GASTRIC JUICK, 


‘Tus juice secreted by the glands in the mucous membrane of 
the stomach varies in composition in the different regions, but the 
mixed gustrie juice, as it may be termed, is a solution of a proteo 
lytic ferment called pepsin in « saline solution, which also contains 
a little free hydrochloric avid. 

The gastric juice can be obtained during the life of an animal 
by means of a gastric fistula.* Gastric fistule have alao been 
made in human beings, either by accidental injury or by surgical 
operations, The most celebrated case is that of Alexis St. 
Martin, a young Canadian, who received a musket wound in the 
abdomen in 1822, Observations made on him by Dr. Beaumont 
formed the starting-point for our correct knowledge of the physio- 
logy of the stomach and its secretion. 

We now make artificial gastric juice by mixing weak hydro- 
chloric acid (0-2 per cent.) with the glycerine extract of the 
stomach of « recently-killed animal, ‘This artificial juice acts 
like the normal juice. 

‘Two kinds of glands are distinguished in the stomach, which 
differ from each other in their position, in the character of their 
epithelium, and in their secretion. Their structure will be found 
described on pp. 443, 444. We may, however, repeat that the 
cardiae glands are those situated in the cardiac part of the 
stomach : their ducts are short, their tubules long in proportion. 
The latter are filled with polyhedral cells, only a small lumen 
being left; they are more coarsely granular than the corresponding 
cells in the pyloric glands. They are called principal or central 
cells, Between them and the basement membrane of the tubule 
are other cells which stain readily with aniline dyes, They are 
called parietal or oxyntic cells. The pyloric glands, in the 
pyloric part of the stomach, have long ducts and short tubules 
lined with cubical granular cells. There are no parietal cells. 

The central cells of the cardiac glands and the cells of the 








xlominal wall so as 





* A gastric fistula is made by eutting through 1 
to expose the stomach. ‘The stomach is then attached to the edges of the 
abdominal wound, nod a staal orifice is finally made through the wall of 
the stamach, When the wound heals there is then a free communication 
otwoon the stomach and the exterior, 
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pyloric glands are loaded with yranules. During secretion they 
discharge their granules, those that remain being chiefly situated 
near the lumen, leaving in each cell a clear outer zone. These 
are the cells that secrete the pepsin. Like secreting cells gener- 
ally, they select certain materials from the lymph that bathes 
them ; these materials are worked up by the protoplasmic 
activity of the cells into the secretion, which is then discharged 
into the hunen of the glind. The most important substance in 
a digestive secretion is the ferment. In the case of the yastric 
juice this is pepsin, We can trace an intermediate step in this 
process by the presence of the granules. ‘The granules are not, 
however, composed of pepsin, but of a iother-substance which is 
readily converted into pepsin, We shall find a similar ferment 
precursor in the cells of the pancreas, and the term zymogen is 
applied to these ferment precursors. The zymogen in the gastric 
celly ix called pepeinogen. ‘The rennet-ferment or rennin. that 
causes the curling of milk is distinet from pepsin, but is formed 
by the same cells, 

The parietal cells undergo merely « change of size during 
seerction, being at first somewhat enlarged and after secretion they 
are somewhat shrunken. They are also called oryntic (acid-form- 
ing) cella, because they secrete the hydrochloric acid of the juice. 
Heidenhain sw led in making in one dog a culsde-sac of the 
fundus, in another of the pyloric region of the stomach; the 
former secreted a juice containing beth acid aud pepsin; the 
latter, parietal cells being absent, seereted a viscid alkaline juice 
containing pepsin. ‘The formation of « free acid from the alkaline 
blood and lymph is an important problem. ‘There ix no doubt 
that it is formed from the chlorides of the blood and lymph, and 
of the many theories advanced as to how this is done, Maly’s 
is, on the whole, the most satisfac tory He considers that it 
ex by the interaction of the calcium chloride with the 
drogen phosphate of the blood, thus :— 










































PO y+ ANaCl+ 2HCI 
sant Gite atone 

; il 

or more simply by the interaction of sodium chloride and sodium 
dichydrogen phosphate, as is shown in the following equation :— 





The sodi ogen phosphate in the above equation is 
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derived from the interaction of the disodium hydrogen phosphate 
and the carbonic acid of the blood, thus >— 


Na, HPO, +CO,+H,0 = NaHCO, + NaH,PO,. 


But, ns Professor Gamgee hax pointed out, these reactions ean 
hardly be cousidered.to occur in the blood generally, but rather 
in the oxyntic cells, which possess the necessary selective powers 
in reference to the saline constituents of the blood, and the hydro- 
chloric seid, as soon ax it ix formed, passes into the secretion of 
the gland in consequence of its high power of diffusion. 


Composition of Gastric Juice. 


The following table gives the percentage composition of the 
gastric juice of man and the dog :—~ 








Constituents. | Deg. 
PEORLS Fys  ee e v4 ° 
Organic ‘substances (chiefly saw | ae | 
Or A eee 032 171 
wt O20 ojo 
CaCl, oo os, | 
Nac O14 25 
KC! event ros 1 on 
TER gD ie ess = | 205 
SaaS Weil ew Rade eee 
revo, py ee ee \ 91008 


One sees from this how much richer in all constituents the 
gastric juice of the dog is than that of man. Carnivorous 
animals have always a more powerful gastric juice than other 
animals ; they have more work for it todo ; but the great contrast 
seen in the table is, no doubt, partly due to the fact that the 
persons from whom it has been possible to collect gastric juice 
have been invalids. In the foregoing table one also sees the 
great preponderance of chlorides over other salts: apportioning 
the total chlorine to the various metals present, that which 
remains over must be combined with hydrogen to form the free 
hydrochloric acid of the juice. 

Pepsin stands apart from nearly all other ferments by requiring 
an acid medium in order that it may act. Probably a compound 
of the two substances, called peprinhydrochlorie acid, in the 
really active agent. Other acids may take the place of hydro- 
chloric acid, but none act sa well. Lactic neid is often found in 


KP, tr 
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gastric juice ; this is derived by fermentative pro 
food. a 


Hydrochloric acid is absent in some diseases of the stomach 
colour tests for it are the following :— “7 


es A drop af e006 per cent, hydrochloric acid leavers a 


itm, 
present In the residue it may by the ; 
‘A solation af dilate ferric chloride and carbolic acid is made as 
10 cc, of a 4- it. solution of carbolic acid. 
Pasop of the liquor fore! percblaridi of the British Pharmacopenin, 
\¢ liquor perel of 
ing a solution containing a mere trace (up to 1 part in 10,000) of 
‘with this violet solution, it is instantly turned yellow, 


1 
On 
aS ch serra th ent of 
instance, more than o°2 per 
chioric acid) are necessary to decolorise the test solution. 


Tho Innervation of the Gastric Glands, 


As long ago as 1852 Bidder and Schmidt showed in a dog 
with « gastric fistula that the sight of food caused a secretion of 
gastrie juice; and in 1878 Richet observed that in a man with 
complete occlusion of the gullet, the act of mastication caused a 
copious flow of gastric juice. There can therefore have been no 
donbt that the glands are under the control of the nervous 
system, but until quite recently all attempts to discover the 
secretory nerves of the stomach proved unsuccessful, Pawlow 
solved the problem by experiments on doga; he first made « 
gastric fistula; and a few days later exposed the asophagus, 
divided it, and sewed the two cut ends to the two corners of the 
wound in the neck. The animal was fed by means of the lower 
piece of the asophagus; but any food taken by the mouth or 
any saliva secreted into the mouth was never allowed to enter the 
stomach, but fell out of the opening of the asophagus in the 
neck. These animals were kept alive for months amd soon 
accommodated themselves to their new conditions of life. 

If one of them was kept without food for a few hours, and 
then given a meal of meat, it devoured it with avidity though 
noue ever reached the stomach. The effect of this sham feeding 
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was & reflex and abundant flow of gastric juice, which commenced 
five minutes after the beginning of the meal, If water, milk, or 
soup was given instead of meat no such secretion occurred. 

The same phenomena occurred when both splanchnics were 
divided. It ik therefore evident that the splanchnies are not the 
sceretory nerves. But after division of both vagi (below the point 
of origin of the recurrent laryngeal nerves to avoid parilysis of the 
larynx), the reflex secretion ceased, though the dog went through 
the process of sham feeding with the same avidity as before. 

The vagi therefore contain the secretory fibres ; this conclusion 
was confirmed by the experiment of stimulation. If the peri- 
pheral end of « divided vagus is stimulated, however, the usual 
result is stoppage of the heart; this difficulty was overcome by 
lotting a few days clapse between the division of the nerves and 
the experiment of stimulating them. During this time the eurdio- 
inhibitory fibres degenerated, and then stimulation of the nerve 
by induction shocks at intervals of one second called forth a flow 
of gastrie juice, after a latent period of about five minutes. 

Pawlow's method enabled him to obtain a gastric juice free from any 
admixture with saliva or food, The main facts in relation to this pure 
juiceare as follows :—Ie is clear nnd colourless ; it has » specific gravity of 
1003 to 1006. It is feebly dextro-rotatory, gives no biuret reaction, bat 
gives the ordinary proteld reactions, It contains from 074 to 0 per cent 
of hydrochloric acid. It is strongly proteolytic and inverts cane sugar. 
When cooled to o° C. it deposits a fine precipitate of pepsin ; this rettles in 
layers, and the layers first deposited contain most of the ‘acid, which is 
loosely combined with and carried down by the pepsin. Pepsin is also 


precipitable by ammonium sulphate (Kuhne). Elementary analysis gave 
the following results = 





Pepsin precipitated by cold— Precipitated by Am,SO,— 
ee ee a 50": 
Hydrogen. . ns e 
Chlorine =. , ror tot | o89 
Sulpbur . : ‘ o mm 
Nitrogen 0. | 14°55 to 150 
Oxygen. . . the remainder, | ‘the remainder, 


Since these dexerimenth were performed, I'awlow las continued his work 
‘on gustric secretion. He has by n very ingenious surgical operation suc- 
eveded in the dog in separating off from the stomach a diverticulum which 
poars its secretion through an opening in the abdominal wall. The follow- 
ing are his main results :— 

1. Increase in the quantity of food given causes an increase in the amount 
of gastric juice secreted, - 

2 The juice js most abundant in the early periods of digestion, but 
it continues to be secreted in declining quantity as long 8 any food remains 
to be dealt with. When there ix no food given there is no juice, But sham 
feeding or chewing will cause It to flor 

3. The amount of popsin secreted is similarly proportional to the needs of 
the animal. 

. The larger the proportion of proteid in the diet, the more abundant 
und! aotive ts the jules secreted. 





112 
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Action of Gastric Juice. =. 


The principal action of the gastric juice consists in couverting 
the proteids of the food into the diffusible peptones. In the ease 
of milk this is preceded by the curdling due to rennet (see pe 458). 

There ix a still further action—that ik, the gastric juice is 
antiseptic; putrefactive processes do not normally occur in the 
stomach, aud the orgwnisms that produce such processes, many 
of which are swallowed with the food, are in great measure 
destroyed, and thus the body is protected from them. The acid 
is the agent in the juice that possesses this power. 

The formation of peptones is a process of hydration ; peptones 
may be formed by other hydrating agencies like super-heated 
steam and heating with dilute mineral acids. There are certain 
intermediate steps in this process: the intermediate substances 
are called pro-peptones or proteosos, ‘The word ‘ proteose * is the 
best : it includes the albumoses (from albumin), globuloses (from 
globulin), vitelloses (from vitellin), de. Similar substances are 
lao formed from gelatin (gelatinoses) and elastin (elastoses). 

Another intermediate step in gastric digestion is, called 
peptone : this ix acid albumin or syntonin. The products of 
digestion may be classified, according to the order in which 
they are formed, as follows :— 


1. Parapeptone or acid albamin, 


The primary albumeses, Le,, 
(a) Proto.nlbuimoss 
2. Propeptone + (8) Hetero-albamose ae which ane formed 


(© Deutero-albumose 





3. Peptone. 


It is doubtful whether all the proteid present passes through 
the acid-albumin stage. 

The primary albumoses are precipitated by saturation with 
magnesivm sulphate or ‘sodium chloride. Deutero-albumose is 
not; it is, however, precipitated by suturition with ammoniam 
sulphate, Proto: and dentero-albumose are soluble in water ; 
hetero-albumoge is uot; it requires salt to hold it in solution. 

Peptones.—These are the final products of the action of 
gastric juice on native proteids, 

They are soluble in water, are not coagulated by heat, and are 
not precipitated by nitric acid, copper sulphate, ammonium sul- 
phate, and a number of other precipitants of proteids. They are 
precipitated but not coagulated by alcohol. They are also 
precipitated by tannin, picric acid, potassio-mercuric iodide, 
phospho-molybdie acid, and phospho-tungstic acid, 
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‘They give the biuret reaction (rose-red solution with a trace of 
copper sulphate and caustic potash or soda). 

Peptone is readily diffusible through animal membranes. Tho 
utility of the formation of diffusible substances during digestion 
is obvious. 

Proteoses,—These are the intermediate products in the 
hydration of native proteids into peptones. 

They are not coagulated by heat; they are precipitated but 
not coagulated by alcohol: like peptone they give the biuret 
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Albumin Coayulated) Precipitated, | Precipitated | Proipitated x 
then in the cold; te col { 
eae 
soluble on 
heating | 
Globulin | Ditto, | Ditto, | Ditto, Previpitated Ditto. | Ditto, 
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reaction. ‘They are precipitated by nitric acid, the precipitate 
being soluble on heating, and reappearing when the liquid cools. 
This last is a distinctive property of proteoses. They are slightly 
diffusible. 

The above table will give us at a glance the chief characters 
of peptones and proteoses in contrast with those of the native 
proteids, albumins, and globulins. 

We sce that the main action of the gastric juice is upon the 
proteids of the food, converting them into more soluble and 


* In the case of deutero-allumose this reaction only occurs in the presence 
of excess of mit, 
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diffusible ‘The fats chemically altered the 
‘stomach ; ei pa nels pga ees 


is inverted. The inversion of cane sugar is largely due to the 
hydrochloric acid of the juice, and is frequently assisted by 
inverting ferments contained in the vegetable food swallowed. — 


CHAPTER XXXII. 
DIGESTION IN THE INTESTINES, 


Here we have to consider the action of pancreatic juice, of bile, 
and of the succus enteriens. 


The Pancreas, 


This is a tubulo-racemose 
gland closely resembling the 
salivary glands in structure. 
‘The principal differences are 
that the alveoli or acini are 
more tubular in character ; 
the connective tissue be- 
tween them is looser, and 
in it are small groups of 
epithelium-like cells, which 
are supplied by a closé net~ 
work of capillaries (fig. 400). 

The secreting cella of 
me tig st Hie tion of te panerean of x. dog the pancreas are polyhedral. 





pc dt wuier sont ot which ve wet.» When examined in the fresh 
iibed wih hemgiazin Todt Het condition, ori propautions 


x 350. 


wad Noble Smith.) preserved by osmie acid, 
their protoplasm is seen to 
be filled in the immer two-thirds with small granules; but 


the outer third is left clear, and stains readily with reagents 
(fixe. 399). 
During secretion the grumules are discharged ; the clear zone 
consequently becomes wider, and the granular gone narrower, 
These granules indicate the presence of « zymogen which is 
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called trypainogen ; that is, the precursor of trypain, the most 
important ferment of the pancreatic juice, 





i. sr sien been etn SP ee a ae 
Tn the centre of the acini, spindle-shaped cells (centroucinar 
cells) are often seen ; their function and origin are unknown. 


Composition and Action of Pancreatic Juice, 

The pancreatic juice may be obtained by a fistula in animals, 
a cannula being inserted into the main pancreatic duct ; but as 
in the ease of gastric juice, experiments on the pancreatic secretion 
are usually performed with an artificial juice made by mixing a weak 
alkaline solution (1 per cent. sodium carbonate) with « glyvcrin 
extnit of pancreas. The pancreas should be treated with dilute 
acid for a few hours before the glycerin is added, This ensures 
a conversion of the trypsinogen into trypsin. 

Quantitative analysis of human pancreatic juice gives the 
following results :-— 


Water . . + 97°6 per cent. 
Organic solids. . rB 
Inorganic salts =. 0'6 Sy, 


In the dog the amount of solids i¢ much greater. 

The organic substances in pancreatic juice are— 

(a) Ferments. These are the most important both quantita 
tively and functionally. They are four in number :— 

i. Trypsin, a proteolytic ferment. 

ii. Amylopsin or pancreatic diastase, an amylolytic ferment. 
iii, Steapsin, a fat-splitting or lipolytic ferment. 
iv. A milk-curdling ferment, 
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(4) A small amount of proteid mutter, 

{c) Traves of leucine, tyrosine, xanthine, and soaps. — 

‘The inorganic substances in pancreatic juice wre— 

Soeiois lina, whack, 0.18) ao es 
quantities of potassium ebloride, and phosphates of sodiam, 
calcium, and magnesium, The alkalinity of the jnice ix due to 
Phosphates and carbonates, especially of sodium, 

‘The notion of pancreatic juice, which is the most powerful and 
important of all the digestive juices, may be described under the 
headings of its four ferments. 

1, Action of Trypsin.—Trypsin ucts like pepsin, but with 
certain differences, which are as follows :— 

(a) It acts in an alkaline, pepsin in an acid medium. 
(4) It acts more rapidly than pepsin; deutero-proteoses 
can be detected as intermediate products in the formation of 
peptone; the primary proteosos have not been detected. 

(ec) Analbuminate of the nature of alkali-albamin is formed 
in place of the acid-albumin of gastric digestion. 

(d) It acts more powerfully on certain albuminoids (such as 
elastin) which are difficult of digestion in gustric juice. It does 
not, however, digest col ¥ 

(e) Acting on solid proteids like fibrin, it eats them away 
from the surface to the interior ; there is no preliminary swelling: 
as iu gastric digestion. 

(f) Trypsin acts further than pepsin, on prolonged action 
partly decomposing some of the peptone which has left the 
stomach into simpler products, of which the most important are 
leucine, tyrosine, arginine (se p. 402), aspartic acid, and ammonia, 

‘The peptones are diffusible because their molecules are smaller 
than those of pro| Peptone by the prolonged uctivity of 
pancreatic juice split into substances of still smaller mole- 
cular weight. Antipeptone was so called because it resists this 
action. tis, however, not a true peptone at all, but a substance 
of extremely low molecular weight. Siegfried states it is a sii 
substance which he calls carnic acid ( N04), because he first 
separated it from muscle. Kutscher finds, however, that it is a 
mixture of several comparatively simple materials, histidine, 
arginine, aspartic acid, ete. 

2. Action of Amylopsin.—The conversion of starch into 
maltose is the most powerful and rapid of all the actions of the 
pancreatic juice. It is much more powerful than saliva, and will 
act even on unboiled starch. The absence of this ferment in the 
pancreatic juice of infants is an indication that milk, and not 
starch, is their natural diet, 
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3. Action on Fats.—The action of pancreatic juice on fata 
is a double one: it forms an emulsion, and it decomposes the fats 
into fatty acids and glycerin by means of its fat-splitting ferment 
steapsin. The fatty acids unite with the alkaline bases to form 
soaps (stponsfication). The chemistry of this is described om 
p. 392. ‘The fat-splitting power of pancreatic juice cannot be 
utudied with w glycerin extract, as steapsin is not soluble in 
ylycerin: vither the fresh juice or a watery extract of pancreas 
must be weed. 

‘The formation of an emulsion may be studied in this way. 
Shake up olive oil and water together, and allow the mixture to 
stand; the finely divided oil globules soon separate from and 
float on the surface of the water; but if a colloid matter like 
albumin or gum is first mixed with the water, the oil separates 
more slowly. A more permanent emulsion is formed by an 
alkaline fluid, and especially when « small amount of free fatty 
acid is beg continually liberated ; the acid combines with the 
alkali to form a soap. Pancreatic fluid possesses all the necessary 
qualifications for forming an emulsion -— 

i, It is alkaline. 
It is viscous from the presence of proteid. 
ii. It hus the power of liberating free acids. 

4. Milk-curdling Ferment.—The addition of pancreatic 
extracts or pancreatic juice to milk causes clotting; but this 
action (which differs in some particulars from the clotting caused 
by rennet) can hardly ever he called into play, as the milk upon 
which the juice has to act has been already curdled by the rennin 
of the stomach, 4 





Intestinal Digestion. 


‘The panereatic juice does not act alone on the food in the 
intestines, There are, in addition, the bile, the succus enterious 
(secreted by the crypts of Lieberkthn), and bacterial action to be 
considered, 

The bile, as we shall find, has little or no digestive action by 
itself, but combined with pancreatic juice it assists the latver in 
all its actions. ‘This is true for the digestion of starch and of proteid, 
but most markedly so for the digestion of fat. Ovelusion of the 
bile-duct by a gall-stone or by inflammation prevents bile entering 
the duodenum. Under these circumstances the fieces contain a 
large amount of undigested fat. 

The succus entericus appears to have to some extent the 
power of converting starch into sugar ; whether it acts on proteids 
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ferment *t contune called swerte, which mverta ssccharoses— 

that a it converte cane sugar and maltose into gimeme 
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intact ; this loop is emptied, one end ie xews ap, 
the abdominal wound, and eo a cxl-de-ase 
collected is made The continuity of the remainder of the intestine 
restored by fastening together the upper and lower of the bowel 
from whieh the loop hae been removed Wells's resembles Thiry’s 
eeterpt that both nde of the kop ane sutured fo the wound in the abdomen 
Fig. 401 lust rates the two metbors, 
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pancreatic juice is not. A feebly-alkaline Suid like pancreatic 
juice in just the mowt suitable medium for bacteria to flourish 

Even in an artificial digestion the fluid is very soom putrid, unless 
special precautions to exclude or kill bacteris are taken. Itis 
often difficult to say where pancreatic action ends and bacterial 
action begins, as many of the bacteria that grow in the mtestinal 
contents, having reached that situation in spite of the gastre 
juice, act in the maine way ws the pancreatic juice. Some form sugar 
from starch, othory peptone, leucine, aud tyrosine from protesds, 


Bacterial action—The yastric juice is an antieptie; the 
in 
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while others, again, break up fata. There are, however, certain 
actions that are entirely due to these putrefactive organisms. 

i, On carbohydrates. The most frequent fermentation they 
set up is the lactic acid fermentation: this may go farther and 
result in the formation of carbonic acid, hydrogen, aml tnkyee 
acid (see p. 388). Cellulose is broken up into carbonic acid and 
methane. This is the chief cause of the gases in the intestine, 
the amount of which is increased by vegetable food. 

ii, On fats. In addition to acting like steapsin, they pro- 
duce lower acids (valeric, butyric, &e.). The formation of scid 
products from fats and carbohydrates gives to the intestinal 
contents un acid reaction. Receut researches show that the 
contents of the intestine become acid much higher up than was 
formerly supposed. Organic acids do not, however, hinder pan- 
creatio digestion. 

iii, On proteida. Fatty acids and amido-acids, especially leu- 
cine and tyrosine, are produced ; but these putrefactive organisms 
have a special action in addition, producing substances having an 
evil odour, like indole (CyH;N, skatole (CyHyN), and phenol 
(CoHq0). There are also gascons products in some cases, 

If excessive, putrofactive processes are harmfal; if within 
normal limits, they are useful, helping the pancreatic juice and, 
further, preventing the entrance into the body of poisonous 
products. It is powsible that, in digestion, poisonous alkaloids 
are formed. Certainly this is so in one wel own case.  Leci- 
thin, a material contained in small quantities in many foods, and 
in large quantities in egg-yolk and brain, is broken up by the 
pancreatic juice into glycerine, phosphoric acid, stearic acid, and 
au alkaloid called choline. We are, however, protected from tho 
poisonous action of choline by the bacteria, which break it up 
into carbonic acid, methane, and ammonia. 





Leucine and Tyrosine. 


These two substances have been frequently mentioned in the 
preceding pages. As types of the decomposition products of 
proteids they are important, though probably only small quanti- 
ties are normally formed during digestion. 

‘They belong to the group of amidoacids, On p. 391 we have 
xiven a list of the fatty acids; if we replace one of the hydrogen 
atoms ina fatty acid by amidogen( NH,), we obtain what is callod 
wn amido-wcid, Take acetic acid: its formula is CHy.COOH ; 
replace one H by NHy, and we get CHy.NH,O00H, which is 
amido-acetic acid or glycocine, If we take caproie acid—w teri 











DIGESTION IN THE INTESTINES. t. 


a little higher in the series—its formula is CsHy,COOH ; amido- 
caproic acid is CsHyo.NH,COOH, which ix also called leucine. 

According to the way in which the amidogen is linked, a large 
number of isomeric amido-caproic acids, all with the same em- 
pirical formula, are theoretically possible, Some of these have: 
been actually prepared in the laboratory ; and chemical research 
has shown that the amido-eaproic acid called leucine formed 
during digestion should be more accurately mained a-amido- 
isobutylacotic acid (CH,),CH.CH,,CH(NH,)COOH. 

Tyrosine is u little more complicated, as it is not only an 
amido-acid, but also contains an aromatic nvlicle, e 
acid has the formula CyH,,COOH ; amido-propionie acid i 











Wig. 4o2.—-Crystals of Heuclnw and tyrovine. 236 


C,H, NH,,COOH, and is called alanine. If another H in this is 
replaced by oxyphenyl (C,H,.OH), we get C,H, NH,.C,H,OH.COOH, 
which is oxyphenyl-amido-propionic acid, or tyrosine. 

and tyrosine are both crystalline ; the former crystallises in the 
form of spheroidal clumps of crystals, the latter in collections of 
fine silken needles (fig. 4o2). 


Secretory Nerves of the Pancreas, 

It has been known since the work of Claude Bernard in 1856 
that the introduction of ether into the stomach produces a reflex 
flow of pancreatic juice, but all attempts to discover the path of 
the nerve impulses failed until the recent work of Pawlow. ‘The 
reason of the failure of previous workers is that the pancreas is 
remarkably sensitive to external conditions. If the pancreas is 
cooled or wounded during the process of making the fistala, or if 

nerves are excited) or if anmwsthesia is deep, the gland 
to secrete. 
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Pawlow discovered that the vagus contains the secretory nerves 
of the pancreas; he took care to avoid the sources of error just 
referred to. In the first place he stimulated the vagi below the 
ongin of their cardiac branches ; in the second, the spinal cord 
was divided high np to prevent reflexes occurrig from sensory 
uorves, und lastly, the operation of stimulating the nerve was 
done without an anwsthetic, 

In another series of experiments, he ont through one vagus in 
the neck, and stimulated the peripheral end two or three days 
later, when the cantio-inhibitory fibres had degenerated ; in this 
way he got rid of the heart stoppage which would have interfered 
with the normal condition of the animal. 

Tn all cases, the stimulation of the vagus produced an abundant 
flow of pancreatic juice, after a latent period of from fifteen 
seconds to two minutes. The stimmlation applied to the nerve 
consisted of a slow series of shocks (either induction currents or 
mechanical blows) about once a second. By this means stimula- 
tion of vaso-constrictor nerves to the pancreas contained in the 
vagus is avoided. If the blood supply is diminished by stimula- 
tion of vaso-constrictor nerves, the secretion is stopped. 


Extirpation of the Pancreas. 


Complete removal of the pancress in animals and diseases of 
the pancreas in man produce « condition of diabetes, in addition 
to the loss of pancreatic action in the intestines. Grafting the 
pancreas from “nother animal into the abdomen of the animal 
from which the pancreas hus been removed relieves the diabetic 
condition, 

How the pancreas acts other than in producing the pancreatic 
juice is not known. It must, however, have other functions 
related to the general metabolic phenomena of the body, which 
are disturbed by removal or disease of the gland. This is an 
illustration of a universal trath—viz., that each part of the 
body does not merely do its own special work, but is concerned 
in the great eycle of changes which is called general metabolism. 
Interferencé with any organ upsets not only its specific fanction, 
but causes disturbances through the body-generally. The inter- 
dependence of the circulatory and respiratory systems is « well- 
known instance. Removal of the thyroid gland upsets the whole 
body, producing widespread changes known as myxedema, 
Removal of the testis produces not only a loss of the spermatic 
secretion, but changes the whole growth and appearance of the 
animal, Removal of the greater part of the kidneys produces 
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rapid wasting and the breaking down of the tissues to form an 
increased quantity of urea. The precise way in which these 
glands are related to the general body processes ix, however, a 
subject of which we know as yet very littl. ‘The theory at 
present most in favour is that certain glands produce an internal 
secretion, which leaves them wid the lymph, and ix then dix 
tributed to minister to parts elsewhere. The question of the 
internal secretions of the thyroid and suprarenal capsules is 
discussed in Chap. XXITI In the case of the pancreas, Professor 
Schafer has propounded the theory that its internal 

stoppage of which in some way leads to diabetes, is produced in 
the islets of epitheliam-like cells scattered through the connective 
tiksue of the organ (see fig. 400, p. 487). 


CHAPTER XXXIII. 
THE LIVER. 


Tux Liver, the largest gland in the body, situated in the 
abdomen on the right side chiefly, is an extremely vascular 





Vig. 40s. {The under wurface of the liver. o. n,. qall-bladder: #. 0, common bileduet 5 
We dy hepato artery 5 portal vein: i. lobulus quadvatus: 1. x, lobalus 
eeigglty to iobults caudatus; v v.,ductus vesionus; - 0 umbilical win) (eRie 


organ, and receives its supply of blood from two distinct sources, 
viz, from the portal vein and from the hepatic artery, while the 
blood is returned from it into the vena cava inferior by the 
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hepatic veins. Its secretion, the 4ile, is conveyed from it by the 
hepatic duct, either directly into the intestine, or, when digestion 
is not going: on, into the eystie duct, and thence fato the gall- 
bladder, where it accumulater until required, ‘The portal vein, 


. 
* 
cs & 
Fig. qojomA. Liversells. B. Ditto, containing yarious-sized particles of fat. 


hepatic artery, and hepatic duct branch together throughout 
the liver, while the hepatic veins and their tributaries run by 
themselves. 





Pig. 405-1. (tudinal section of a canal, containing: yoin, 
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On the outside, the liver has an incomplete covering of peri- 
toneum, and beneath this is a very fine coat of areolar tissue, 
continuous over the whole surface of the organ. It is thickest 
where the peritoneum is absent, and is continuous on the general 
surface of the liver with the fine and, in the buman subject, 
almost imperceptible areolar tissue investing the lobules. At the 
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hepatic vein, from the pix. 1, 
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transverse fissure it is merged in the areolar investment called 
Glisson’s capsule, which, surrounding the portal vein, hepatic 
artery and hepatic duct, accompanies them in their branchings 
through the substance of the liver. 

Structure—The liver is in origin a tubular gland, bat as 
development progresses it soon loses all resemblance to the 
tubular glands found elsewhere. It is made up of small roundish 
or oval portions called lobwles, each of which is about 25 of an 
inch (about 1 mm.) in diameter, and composed of the liver cells, 
between which the blood-vesels and bile-vessels ramify. The 
hepatic cells (fig. 404), which form the glandular or secreting 





ee er 
part of the liver, are of a spheroidal form, somewhat polygonal 
from mutual pressure, about y}y to role inch (about yy to 
ag mm.) in diameter, possessing 4 nucleus, sometimes two. The 
cell-substance, composed of protoplasm, contains numerous fatty 
particles, as well as a variable amount of glycogen. The cells 
sometimes exhibit slow am@boid movements. They are held 
together by a very delicate sustentacular tissue, continuous with 
the interlobular connective tissue. 

‘To understand the distribution of the blood-vessels in the liver, 
it will be well to trace, first, the two blood-vessels and the duct 
which enter the organ on the under surface at the transverse 
fiswure, viz., the portal vein, hepatic artery, and hepatic duct. As 
before remarked, all three run in company, and their appearance 
on longitudinal section is shown in fig. 4o5. Running together 
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rough the liver this vessel gives off small branches — 

which divide and subdivide 4etween the lobules them 
and limiting them, and froni this circumstance called # bular 
veins. From these vessels a dense capillary network is prolonged — 
into the substance of the lobule, and this network converges to & 
single smnall vein, occupying the centre of the lobule, and hence 
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called intra-lobular. This arrangement is well seen in fig. 
406, which represents a section of a smnall piece of an injected 
liver, d 

‘The small ¢aéra-lobular veins discharge their contents into 
veins called sud-lobular (h A A, fig. 407); while these again, 
their union, form the main branches of the Aepatic veins, whi 
leave the posterior border of the liver to end by two or three 
principal tranks in the inferior vena cava, just before its passage 
through the diaphragm. The subJobular und hepatic veins, _ 
unlike the portal vein and its companions, bave little or no 
areolar tissue around them, and their coats are very thin; they 
form little more than mere channels in the liver substance which 
closely surrounds them. 

The hepatic artery, the chief function of which is to distribute 
blood for nutrition to Glisson’s capsule, the walls of the ducts and 
blood-vessels, and other parts of the liver, is distributed in a very 
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similar manner to the portal vein, its blood being returned by 
stnall branches which pass into the capillary plexus of the lobules 
which counects the énter- and intra-lobular veins. 

The ee duct divides and subdivides in a manuer very like 
that of the portal vein and hepatic artery, the larger branches 
being lined by columnar, and the smaller by amall polygonal 
epithelium. 

The bile-capillaries commence between the hepatic cells, and 
are bounded by « delicate membranous wall of their own. They 
are always bounded by hepatic cells on all sides, and are thus 
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into the tiverenia; and there terminate fn areas salargementa. 

jected with mulpb-indigotate, of soda. A sialar apponrance ie 0 
but the communicating twiie are ramified. 


separated from the nearest blood-capillary by at least the breadth 
of one cell (figs. 408 and 409). 

To demonstrate the intercellular network of bile-capillaries, 
Chrzonszezewsky employed a method of natural injection, A 
saturated aqueous solution of sulph-indigotate of soda is introduced 
into the circulation of dogs and pigs by the jugular vein. The 
avimals are killed an hour and @ half afterwards, and the blood- 
vessels washed free from blood, or injected with gelatin stained 
with carmine. The bile-ducts are then seen filled with blue, and 
the blood-vessels with red material. If the animals are killed 
sooner than this, the pigment is found within the hepatic cells, 
thus demonstrating it was through their agency that the canals 
were filled. 

Pfliger and Kupffer have since this shown that the relation 
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accumulate in the blood. 

Totracellular canaliculi in the liver-cells are not unique. Recent 
research by Golgi’s method has shown that in the salivary and 
gastric glands, and in the pancreas, there is a similar condition of 
affinins. 

The Gall-bladder (4., v., fig. 403) is a pyriform bag, attached 
to the under surface of the liver, and supported also by the 
peritonesim, which passes below The larger end, or funedlus, 
projects beyond the front margin of the liver; while the smaller 
end contracts into the cystic duct. 

Structure —The walls of the gall-bladder are constructed of 
three principal coats. (1) Externally (excepting that part which 
is in contact with the liver) is the serows coat, which has the same 
structure as the peritoneum with whieh it is continuous, Within 
thik is (2) the fidrous or areolar coat, with which is mingled a 
considerable number of plain muscular fibres, both longitudinal 
and cireular, (3) Internally the gall-bladder is lined by mucous 
membrane, aud a layer of columnar epithelium. The surface of 
the mucous membrane presents to the naked eye a minutely 
honeycombed appearance from a number of 
depressions with intervening ridges, by which 
umupped out. In the cystic duct the mucous membrane is raised 
up in the form of crescentic folds, which together appear like 
a spiral valve, and which assist the gall-bladder in retaining the 
bile daring the intervals of digestion. 

The gall-bladder and all the main biliary ducts are provided 
with mucous glands, which open on the internal surface. 



















Punctions of the Liver. 


‘The functions of the liver are connected with the general 
metabolism of the body ; these are especially in connection with 
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the metabolism of carbohydrates (glycogonic fnnetion); aud in 
connection with the metabolism of nitrogenous material 
{formation of urea and uric acid), This second function we 
shall discuss with the urine. ‘The third fanction is the forma- 
tion of bile, which must very largely be regarded as a subsidiary 
one, bile containing the waste products of the liver, the results 
of its other activities. This, however, it will be convenient to 
take first. 





Bilo is the secretion of the liver which is poured into the 
duodenum ; it has been collected in living animals by means of a 
bi fistula ; the same operation has occasionally been performed 
in human beings. After death the gall-bladder yields a good 
supply of bile which is more concentrated than that obtained 
from a fistula. 

Bile is being continuously poured into the intestine, but there 
is an increased discharge immediately on the arrival of food in 
the duodenum; there ia a second increase in seeretion a few 
hours later, 

Though the chief blood supply of the liver is by a vein (the 
portal vein), the amount of blood in the liver varies with its needs, 
being increased during the periods of digestion. ‘his is due to 
the fact that in the area from which the portal vein collects blood 
—stomacb, intestine, spleen, nnd pancreas—the arterioles are all 
dilated, and the capillaries are thus gorged with blood. Further, 
the active peristalsis of the intestine and the pamping action of 
the spleen ore additional factors in driving more blood onwards to 
the liver, 

The bile being secreted from the portal blood is secreted at 
much lower pressure than one finds in glands such as the salivary 
glands, the blood supply of which ix arterial, Heidenhain found 
that the pressure in the bile duct of the dog averaged 15 mm, of 
mercury, which is nearly double that in the portal vein. This 
fact is of considerable importance, as it illustrates the general 
trath that secretion is not mere process of passive filtration, but 
that the cells oxercise secretory force. 

The second increase in the flow of bile—that which occurs 
some hours after the arrival of the semi-digested food (chyme) in 
the intestine—appears to be due to the effect of the digestive 
products carried by the blood to the liver, stimulating the hepatic 
cells to activity: this s supported by the fact that proteid food 
increases the quantity of bile secreted, whereas fatty food which 
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is absorbed, not by the portal vein, but by the lncteals, has no 
stich effect, 

The chemical process by which the constituents of the bile 
are formed is obscure. We, however, know that the 
pigment is produced by the decomposition of hemoglobin. Bili- 
rubin is, in fact, identical with the iron-free derivative of hemo- 
globin called hsematoidin, which is found in the form of crystals 
in old blood-clote such as occur in the brain after cerebral ~ 
haemorrhage (see p. 429). 

An injection of hemoglobin into the portal vein or of substances 
like water which liberate hamoglobin from the red blood corpuscles 
produces an increase of bile pigment. If the spleen takes any 
part in the elaboration of bile pigment, it doos not 
80 far as to liberate hemoglobin from the corpuscles. No free 
hemoglobin ix discoverable in the blood plasma in the splenic 
vein, 

The amount of bile secreted is differently estimated by different 
observers ; the amount secreted daily in man varies from 500 ¢.c. 
to a litre (1,000 c.c,). 

The constituents of the bile are the bile salts proper 
(taurocholate and glycocholate of soda), the bile pigments (bili- 
rabin, biliverdin), a mucinoid substance, small quantities of 
fats; soaps, cholesterin, lecithin, urea, and mineral salts, of 
which sodium chloride and the phosphates of iron, calcium, and 
magnesium are the most important, 

Bile ix a yellowish, reddish-brown, or green fluid, according to 
the relative preponderance of its two chief pigments. Tt has a 
musk-like odour, a bittersweet taste, and a neutral or faintly 
alkaline reaction. 

The specific gravity of human bile from the gall-bladder is 
1026 to 1032; that from a fistula, ro10 to ror. The greater 
concentration of gall-bladder bile is partly but not wholly 
explained by the addition to it from the walls of that cavity 
of the mucinoid material it secretes. 

The amount of solids in bladder bile is from 9 to 14 per 
cent,, in fistula bile from 1°5 to 3 per cent. The following table 
shows that this low percentage of solids is almost entirely 
due to want of bile salts. ‘This can be accounted for in the way 
first suggested by Schiff—that there is normally a bile cirea- 
lation going on in the body, a large quantity of the bile 
salts that pass into the intestine being first split up, then 
reabsorbed and again secreted. Such a circulation would 
obviously be impossible in cases where all the bile is discharged 
to the exterior. 








OW, XXXII.) RILE, 503 


‘The following table gives some important analyses of human 
bile — 
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Bile Mucin.—There has been considerable diversity of opinion 
as to whether bile mucin is really mucin. The most recent work 
in Hammarsten's laboratory shows that differences occur in 
different animals. Thus in the ox there is very little true mucin, 
‘but a great amount of nucleo-proteid ; in human bile, on the 
other hand, there is very little if any nucleo-proteid ; the mucinoid 
material present there is really mucin. 

The Bile Salts.—The bile contains the sodium salts of 
complex amido-acids called the bile acids. The two acids most 
frequently found are glycocholic and taurocholic acids. The 
former is the more abundant in the bile of man and herbivora ; 
the latter in carnivorous animals, like the dog. The most 
important difference between the two acids is that tanrocholic 
acid contains sulphur, and glycocholic acid does uot. 

Glycocholic acid (CyyHiyNOp) is by the action of dilute acids 
and alkalis, and also in the intestine, hydrolysed and split into 
glycocine or amido-acetic acid and cholalic acid. 

CygH gN Op + Hy = CgHN Oy + CoH os 
Iglyeorholic neta) {alycooine) — [eholatie acid) 

The glycocholate of soda has the formula CygH NaN Og, 

Taurocholic acid (CygHy;NO,S) similarly splits into taurine 
or amido-isethionic acid and cholalic acid. 

CygHysNOrS + HyO = CyH7NO;S + CoH Os, 


[tantoetatte acid} [tanrine} —felolatio sel] 
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‘The taurocholate of soda has the formula CyHyNaNO,S, 

'The colour reaction called Pettenkofer’s reaction, is due to 
the presence of cholalic acid. Small quantities of cane sugar and 
strong sulphuric acid are added to the bile. The sulphuric acid 
acting on sugar forms a small quantity of a substance called 
furfuraldehyde, in addition to other producta. The furforaldehyde 
gives a brilliant purple colour with cholalic acid. 

The Bile Pigments.—The two chief bile pigments are 
Lilirubin and biliverdin, Bile which contains chiefly the former 
(such as dog’s bile) is of a golden or orange-yellow colour, while 
the bile of many herbivora, which contains chiefly biliverdin, is 
either green or bluish-green. Human bile is generally described 
as containing chiofly bilirubin, but there have been some cases 
described in which biliverdin was in excess, The bile pigments 
show no absorption bands with the spectroscope; their origin 
from the blood pigment has already been stated. 

Bilirubin has the formula CygH,,NyO,: it is thus an iron-free 
derivative of hemoglobin. The iron is apparently stored up in 
the liver cells, perhaps for future use in the manufacture of new 
hemoglobin. The bile contains only a trace of iron. 

Biliverdin has the formula CypH)gN a0, (i.e. one atom of oxygen 
more than in bilirubin): it may occur as such in bile; it may be 
formed by simply exposing red bile to the oxidising action of the 
atinosphere ; or it may be formed as in Gmelin’s test by the more 
vigorous oxidation produced by fuming nitric acid. 

Gmolin’s test consists in a play of colours—green, blue, 
red, and finally yellow, produced by the oxidising action 
of fuming nitric acid (that is, nitric acid containing nitrous _ 
ncid in solution), The end or yellow product is called choletelin, 
CygHysNaOy. 

Hydrobilirubin.—If « solution of bilirubin or biliverdin in 
dilute alkali is treated with sodium amalgam or allowed to 
putrefy, a brownish pigment, which is a reduction produet, is 
formed called hydrobilirubin, CysHygNyO>. With the spectroscope 
it shows a dark absorption band between 4 and F, and a fainter 
band in the region of the D lime. 

This substance is interesting because a similar substance is 
formed from the bile pigment by reduction processes in the 
intestine, and constitutes sterrobilin, the pigment of the fmces, 
Some of this is absorbed and ultimately leaves the body in the 
urine as one of its pigments called urobilin, A small quantity of 
urobilin is sometimes found preformed in the bile. ‘The identity 
of urobilin and stercobilin has been frequently disputed, but the 
recent work of Garrod and Hopkins has confirmed the old 
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statement that they are the same substance with different 
names. Hydrobilin differs from urobilin in containing much 
more nitrogen in its molecule (9°2 instead of 471 per cent.). 

Cholesterin.—This substance is contained not only in bile, but 
very largely in nervous tissues. Like lecithin, it is an abundant 
constituent of the white substance of Schwann. It i found also 
in blood corpuscles. In bile it is normally presont in small 
quantities only, but it may ocour in excess, and form the concre- 
tions known as gall-stones, which are usually more or less tinged 
with bilirubin. 

Though its solubilities remind one of a fat, cholesterin is not a 
fat. It is, in fact, chemically speaking, a monatomic alcohol. Its 
formula is CyHy-HO. 

From alcohol or ether containing water it crystallises in the 
form of rhombic tables, which contain one molecule of water of 
crystallisation : these are easily 
recognised under the microscope 
(see fig. 411). 

It gives the following colour 
tests :-— 

1, With iodine and concen- 
trated sulphuric acid the crystals 
give a play of red, blue, and 
green, 

2. Heated with sulphuric acid 
and water (5: 1) the edges of the 
crystals turn red. 

3 A solution of cholestorin pip sss, —ceystallinescalesofholesterin, 
in chloroform, shaken with an 
equal amount of concentrated sulphuric acid, turns red, and ulti- 
mately purple, the subjacent acid acquiring a green fluorescence. 
(Salkowski’s reaction.) - 

“The mode of origin of cholesterin in the body has not been 
clearly made out. Whether it ix formed in the tissues generally, 
in the blood, or in the liver, is not known; nor has it been 
determined conclusively that it is derived from albuminous or 
nervous matter. It is also doubtful if we are to regard it as a 
waste substance of no use to the body, as its presence in the 
blood-corpuscles, in nervous matter, in the egg, and in vegetable 
grains, points to a possible function of a histogenctic or tissue- 
forming character.” (McKendrick.) 

A substance called iso-cholesterin, isomeric with ordinary chole- 
sterin, is found in the fatty secretion of the skin (sebum) ; it is 
largely contained in the preparation called lanoline made from 
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sheep's-wool fat, It does not give Salkowski's reaction with 
chloroform and sulphuric acid just desoribed. 

The Uses of Bile.—One of the most remarkable facts cou- 
cerning the bile is its apparently small use in the digestion of 
food. It is doubtless, to a lange extent, exeretory, Some state 
that it has a slight action on fats and carbohydrates, but it 
appears to be rather a coadjntor to the pancreatic juice (especially 
in the digestion of fat) than to have any independent digestive 
activity. In some animals it has a feeble disstatic power. 

Bile is said to be a natural antiseptic, lessening the putrefactive 
processes in the intestine. ‘This is also very doubtful. Though 
the bile salts are weak antiseptics, the bile itself is readily 
putrescible, and the power it has of diminishing putrescence in 
the intestine is due chiefly to the fact that by increasing absorp- 
tion it lessens the amount of putrescible matter in the bowel. 

When the bile meets the chyme the turbidity of the latter is 
increased owing to the precipitation of unpeptonised proteid. 
‘This is an action due to the bile salts, and it bas been surmised 
that this conversion of the chyme into a more viscid mass is to 
hinder somewhat its progress through the intestines; it elings to 
the intestinal wall, thus allowing absorption to take place. 

Bile is alkaline; it therefore assists the pancreatic juice in 
neutralising the acid mixture that leaves the stomach. 

Bile assists the absorption of fats, as we shall see in studying 
that subject. It is also a solvent of fatty acids. 

We have seen that fistula bile is poor in solids as compared 
with normal bile, and that this is explained on the supposition 
that the normal bile circulation is not occurring—the liver cannot 
exorete what it does not receive back from the intestine. Sobiff 
was the first to show that if the bile is led back into the 
duodenum, or even if the animal is fed on bile, the percentage 
of solids in the bile excreted is at once raised. It is on these 
experiments that the theory of a bile circulation is mainly founded. 
The bile circulation relates, however, chielly, if not entirely, to 
the bile salts: they are found but sparingly in the feces; they 
are only represented to a slight extent in the urine: hence it is 
caloulated that seven-eighths of them are reabsorbed from the 
intestine. Small quantities of cholalic acid, taurine, and glyeocine 
are found in the feces ; the greater part of these products of the 
decomposition of the bile salts is taken by the portal vein to the 
liver, where they are once more synthetised into the bile salts. 
Some of the taurine is absorbed and excreted as tauro-carbamic 
acid in the urine, Some of the absorbed glycocine may be 
excreted as urea or uric acid, The cholesterin and mucus are found 

















OR. XXXIIT.) JAUNDICE. 507 


in the feces ; the pigment is changed into stercobilin, a substance 
like hydrobilirubin. Some of the stercobilin is absorbed, and 
leaves the body as the urinary pigment, urobilin (see p. 504). 

The bile-expelling mechanism must be carefully distin- 
guished from the bile-secreting action of the liver-cells The bile 
is forced into the ducts, and ultimately into the duodenum, by 
the pressure of newly-formed bile pressing on that previously in 
the ducts, and this is assisted by the contraction of the plain 
muscular fibres of the larger ducts and gall-bladder, which occurs 
roflexly when the food enters the duodenum, Tn cases of obstruc- 
tion, as by a gall-stone, in the ducts, this action becomes excessive, 
and gives rise to the intense pain known as hepatic colic. 

Many so-called cholagogues (bile-drivers), like calomel, act on the 
bile-expelling mechanism and increase the peristalsis of the mus- 
cular tissue ; they do not really cause an increased formation of bile. 

Jaundice.—The commonest form of janndice is produced by 
obstruction in the bile ducts preventing the bile entering the 
intestine. A very small amount of obstruction, for instance, a 
plug of mucus produced in excess owing to inflammatory processes, 
will often be sufficient, as the bile is secreted at such low pressure. 
Under these circumstances, the faces are whitish or clay coloured, 
and the bile passing backwards into the lymph,* enters the blood 
and is thus distributed over the body, causing « yellow tintin the 
skin and mucous membranes, and colouring the urine deeply. 

Tn some cases of jaundice, however (¢g. produced by various 
poisons), there is no obvious obstruction ; the causes of non- 
obstructive, or blood-jaundice, form a pathological problem of 
some interest. A few years ago it was believed that the bile 
pigment was actually produced in the blood. But all recent work 
shows that the liver is the only place where production of bile 
occurs, and that in all cases of so-called non-obstructive jaundice, 
the bile is absorbed from the liver, There may be obstruction 
present in the smaller ducts, or the functions of the liver may be 
#0 upset thet the bile passes into the lymph even when there is 
no obstruction. 


The Glycogenic Function of the Liver. 


‘The important fact that the liver normally forms sugar, or a 
substance readily convertible into it, was discovered by Claude 
Bernard in the following way: he fed a dog for seven days with 

* The absorption is by the lymph, because if jaundice is produced in 
au animal by ligatare of the bile duct, it will coase when the thoracic 
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food containing a lunge quantity of sugar and 
might be expected, found sugar in both the portal 
blood. But when this dog was fed with meat on 
prise, sugar was still found in the blood of the he 
Repeated experiments gave invariably the same result 
was found, under a meat diet, in the portal vein, 
taken, by applying a ligature on it at the transverse 
prevent reflux of blood from the hepatic venous system. Np 
found sugar also in the substance of the liver, It thus seemed — 
certain that the liver formed sugar, even when, from the 
of saccharine and amyloid matters in the food, none could ha 
been brought directly to it from the stomach or intestines. 
Bernard found, subsequently to the before-mentioned | 
ments, that a liver, removed from the body, and from wh 
sugar had been completely washed away by Infeeting a stream 
water through its blood-vesels, contained sugar in abundance 
after the lapse of a few hours. This post-mortem production of — 
sugar was a fact which could only be explained on the sae 
that the liver contained a substance readily convertible into s 
and this theory was proved correct by the discovery of a sul 
in the liver allied to starch, and now termed glycogen. 

We are thus led to the conclusion that glycogen is weal 
first and stored in the liver cells, and that the sugar, wl when 
present, is the result of its transformation, ’ 

Souree of Glycogen. —Although the greatest amount of glycogen | 
is produced by the liver upon a diet of starch or sugar, & certain: | 
quantity is produced upon a proteid diet. It must, then, be pro 
duced by protoplasmic activity within the cells’ The glycogen — 
when stored in the liver cells may readily be demonstrated in 
sections of liver containing it by its reaction (red or port-wine 
colour) with iodine, and moreover, when the hardened sections @ 
soaked in water in order to dissolve out the glycogen, the 
plasm of the cell is so vacuolated as to appear little more 
framework. In the liver of a hibernating frog the amount of 
glycogen stored up in the outer parts of the liver cells is very 
considerable, 


Average Amount of Glycogen in the liver of Dogs under various — 
Diets (Pavy). 

Diet. Amount of Glycogen in Liver, 
Animal food . . 7°19 percent. — 
Animal food with sugar (about } | Ib. of sugar daily) 14°5 a 
Vegetable diet (potatoes, with bread or barley-meal) 17°23 ys 



































The dependence of the formation of glycogen on the kind of 
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food taken is also well shown by the following results, obtained 
by the same experimenter :-— 


Average Quantity. of Glycogen found in the Liver of Rabbits after 
Fasting, and after a Diet of Starch and Sugar respectively. 


Average amount of Glycogen in Liver. 


After fasting for three days 5 . Pructically absent. 
+» diet of starch and sraposugar + 15°4 per cent. 
om canesugar - 169 on 


‘The diet most favourable to the production of a large amount 
of glycogen is a mixed diet containing a large amount of carbo- 
hydrate, but with some proteid. Fats taken in as food do not 
increase the amount of glycogen in the cells. Glycerin injected 
into the alimentary canal may increase the glycogen of the liver, 
probably because it hinders the conversion of glycogen into sugar 
and other substances; the glycogen therefore is allowed to 
accumulate in the liver. 

Destination of Glycogen.—There are two chief theories as to 
the destination of hepatic glycogen, (1.) That the glycogen. is 
conyerted into sugar during life by the agency of a ferment (Liver 
diastase) also formed in the liver ; und that the sugar is conveyed 
away by the blood of the hepatic veins, to undergo combustion in 
the tissues, (2.) That the conversion into sugar only occurs 
after death, and that during life no sugar exists in healthy livers, 
glycogen not undergoing this transformation. 

The first. view is that of Claude Bernard, and has been adopted 
by the majority of physiologists. The second view is that of 
Dr, Pavy : he denies that the liver is a sugar-forming organ, he 
regards it as a sngardestroying organ; the sugar is stored as 
animal starch, but never again leaves the liver as sugar during 
life, He hws been unable to find more sugar in the hepatic blood 
than in the portal blood, Other observers have found an increase 
in the sugar of the blood leaving the liver, but the estimation 
of sugar ina fluid rich in proteids, as is the blood, is a matter 
of great difficulty. Even if the increase is so small as hardly to 
be detected, it must be remembered that the whole blood of the 
body passes through the liver about twice a minute, so that a 
very small increase each time would mount up to a large total. 

Payy further denies that the post-mortem formation of sugar 
from glycogen that occurs in an excised liver is a true picture 
of what occurs during life, but is due to a ferment which is only 
formed after death. During life, be regards the glycogen as a 
source of other substances, like fat aud proteid. It is certainly 
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‘a fact that increase of carbobydrate food leads to the formation 
of fat in the body and in the liver-cells. In support of the theory 
that glycogen may also lead to the formation of proteids, he has 
shown that many proteids contain a carbohydrate radicle. 

‘The whole question is in a very unsettled state, and is under 
keen discunsion at present. We may state, however, that the 
prevalent opinion is that the livercells may be able to convert 
part of the store of. glycogen into fat, but that most of the 
glycogen leaves the liver a4 eugar, so justifying the name (literally, 
mother substance of sugar) given to it by Bernard. 

Carbohydrate metabolism ix thus a series of hydrations and 
dehydrations before combustion finally occurs. Starch is first 
hydrated in the alimentary canal to form sugur. This passes to 
the liver, where it is dehydrated to form glycogen, or animal 
starch ; and finally hydrated once more to pass to the tissues ax 
sugar, where it undergoes combustion. 

Diabetes.—In certain disorders of hepatic metabolism, the 
glycogenic function is upset, and excess of sugar passes into the 
blood, leaving the body in the urine (glycoswria). ‘This may be 
due to an increased formation of sugar from glycogen, or to a 
diminished formation of glycogen from the sugar of the 
blood, according as ¢ither Bernard's or Pavy's view of the liver 
function is adopted. In many cases the diabetic condition may 
be removed by a close attention to diet; starchy and succharine 
food must be rigidly abstained from. 

In other cases, which are much more serious, diet makes little 
or no difference. Under these cireumstances the sugar must come 
from the metabolism of the proteid constituents of protoplasm, 

The disease diatetee is not a single one; the term includes 
many pathological conditions, which all possess in common the 
aymptom of excess of sugar in the blood aud urine, 

A diabetic condition may be produced in animals artificially in 
several ways -— 

(1) By diabetic punetwre.—Clande Bernard was the first to 
show that injury to the floor of the fourth ventricle in the region 
of the vaso-motor centre leads to glycosuria, The injury produces 
a disturbance of the yaso-motor mechanism, but diabetes cannot 
be regarded ax purely vaso-motor in origin. 

‘This condition is of interest, because brain disease in man, 
especially in the region of the bulb, is frequently associated with 
wlycosuria, 

(2) By extirpation of the pancreas.—This is alluded to on 
» 493 
: tp By administration of phloridsén.—Many poisons produce 
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temporary glycosuria, but the most interesting and powerful 
of these is phloridzin. The diabetes produced ix very intense. 
Phloridzin is « glucoside, but the sugar passed in the urine is too 
great to be accounted for by the small amount of sugar derivable 
from the drug. Besides that, phloretin, a derivative of phloridzin, 
free from sugar, produces the same resulta. 

Phloridzin produces diabetes in starved animals, or in those in 
which any carbohydrate store must have been got rid of by the 
previous administration of the same drug. Phloridzin-diabetes is 
therefore analogous to those intense forms of diabetes in man in 
which the sugar must be derived from protoplasmic metabolism. 

Acoton#mia.—Death in diabetic patients is usually preceded 
by deep coma, or unconsciousness. Some poison must be pro- 
dueed that acts soporifically upon the brain. ‘The breath and 
urine of these patients smell strongly of acetone; hence the 
term acetonamia, This apple-like smell should always suggest 
the possible onset of coma and death, but it is exceedingly 
doubtful whether acetone (which can certainly be detected ix the 
urine) is the true poison ; ethyl-diacetic acid, which accompanies, 
and is the source of the acetone, was regarded by some as the 
actual poison, but these substances, when introduced into the 
cirenlation artificially, do not cause serious symptoms. The 
actual poison is a matter of doubt; the idea most in vogue at 
present is that it is amido-hydroxybutyric acid, which is dis- 
coverable in the blood and urine of the patients who die from 
so-called acetonwmia, 


The Nerves of the Liver. 


Claude Bernard observed that an increase of sugar in the blood 
is brought about by stimulation of the central and peripheral 
ends of the divided vagus, and that on the section of both vagi 
sugar disappears from the blood, and glycogen from the liver and 
tissues generally. These results have been confirmed in recent 
experiments, and it hax been in addition found that stimulation 
of the vatiac plexus also leads to a lose of glycogen in the liver, 
with a corresponding production of glucose that passes into the 
blood. The disappearance of glycogen from the liver cells after 
the stimulation of these nerves can also be seen histologically 
(Cavazzani). These results are due to a direct influence of the 
nerves on the liver cells, for they are obtained while the circula- 
tion is intact, or when it is stopped by a ligature of the aorta 
and portal vein (Morat and Dufourt). 

Vaso-motor nerves.—The vaso-constrictor fibres for the portal 
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vein leave the spinal cord in the third to the elev 





artery are constrictors 
in both splanchnic and vagus 


CHAPTER XXXIV, 
THE ABSORPTION OF FOOD, 


Foon is digested in order that it may be absorbed. It is — 
absorbed in order that it may be assimilated, that ix, become an 
integral part of the living material of the body, ae 

‘The digested food thus diminishes in quantity as it passes — 
along the alimentary canal, and the fwces contain piece 
or indigestible residue. 

In the mouth and esophagus the thickness of the epithetions 
and the quick passage of the food through these parts reduce 
absorption to a minimum. Absorption takes place more rapidly — 
in the stomach: the small intestine with its folds and villi to — 
increase its surface is, however, the great place for absorption; and 
although the villi are absent from the large intestine, absorption 
occurs there also, but to a less extent, 

Foods such as water and soluble salts like sodium chloride are 
absorbed unchanged. The organic foods are, however, 
ably changed, colloid waterials like starch and proteid being 
conyerted respectively into the diffusible materials sugar and 
peptone, 

‘There are two channels of absorption, the blood-vessels (portal 
capillaries) and the lymphatic vessels or Incteals. 

Absorption, howeyer, is no mere physical process of osmosis 
and filtration, We must also take into account the fact that the 
cells through which the absorbed substances pass are living, and 
in virtue of their vital activity not only select materials for 
absorption, but also change those substances while in contact 
with them. ‘hese cells are of two kinds—(1) the columnar 
epithelium that covers the surface; and (2) the lymph cells in 
the lymphoid tissue beneath. It is now generally accepted that 
of the two the former, the columnar epithelium, is the more — 
important. 

Absorption of Carbohydrates.—Though the sugar formed 
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from starch by ptyalin and amylopsin is maltose, that found in 
the blood is glucose. Under normal cireumstances little if any 
is absorbed by the lacteals. The glucose is formed from the 
maltose by the succus entericus, aided by the action of the 
epithelial cells through which it passes. Cane sugar and milk 
sugar are also converted into glucose before absorption. 

The carbohydrate food which enters the blood as glucose is 
taken to the liver, and there stored up in the form of glycogen— 
4 reserve store of carbohydrate material for the future needs of 
the body. Glycogen, however, is found in animals who take no 
carbohydrate food. It must, them, be formed by the proto- 
plasmic activity of the liver cells from their proteid constituents. 
The glycogenic function of the liver is discussed in the chapter 
preceding this. Glucose is the only sugar from which the liver 
is capable of forming glycogen. If other carbohydrates like cane 
sugar or lactose are injected into the blood-stream direct, they are 
unaltered by the liver, and finally leave the body by the urine. 

Absorption of Proteids.—A certain amount of soluble 
proveid is absorbed unchanged. Thus, after taking a large 
number of eggs, egg albumin is found in the urine. Patients 
fed per rectum derive nourishment from proteid food, though 
proteolytic ferments are not present in this part of the intestine, 

Most proteid, however, is normally absorbed as peptone and 
proteose (albumose). Peptones und proteoses are absent from 
the blood under all circumstances, even from the portal blood 
daring the most active digestion, In other words during absorp- 
tion the epithelial cells change the products of proteolysis 
(peptones and proteoses) back once more into native proteids 
(albumin and globulin). 

‘The greater part of the proteid absorbed passes into the blood; 
« little into the lymph vessels also ; but this undergoes the same 
change. 

When peptone (using the word to include the proteoses also) 
is injected into the blood-stream, poisonous effects are produced, 
the coagulubility of the blood is lessened, the blood pressure falls, 
‘secretion ceases, and in the dog o-3 gramme of “ peptone" per 
kilogramme of body weight is sufficient to kill the animal. 

‘The epithelial cells of the alimentary canal thus protect us 
from those poisonous effects by converting the harmful peptone 
into the useful albumin. 

Absorption of Fats.—The fats undergo in the intestine wo 
changes: one a physical change (emulsification), the other « 
chemical change (saponification). The lymphatic vessels are the 
great channels for fat absorption, and their name /acteals, is 
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Sestre Setet the lk the appearance ol theta eae 
during the absorption of fat. 

The way in which the minute fat sites pore ab 
intestine into the lacteals has been the subject of much contro 
versy. Tho course they take may be studied by killing animals 
at varying periods after a meal of fat and making osmic acid 
microscopic preparations of the villi. Figs. 412and 413 illustrate 
the appearances observed by Professor Schiifer. 

The columnar epithelium cells become first filled with fatty 





Yig, 412.-—Seotion of the villus of a rat killed during fat abvc spittin 
sb inten order: trues; ¢ ypl-aule nt ep a 


containing disintegrating lymph~ccrpriscles, (HA. Sehife 


globules of varying size, which are generally larger near the free 
border. ‘The globules pass down the cells, the larger ones 
breaking up into smaller ones during the journey ; they are then 
transferred to the amaboid cells of the lymphoid tissue beneath > 
these ultimately penetrate into the central lacteal, where they 
either disintegrate or discharge their cargo into the lymph 
stroam. The globules are by this time divided into immeasurably 
small ones, the molecular basis of chyle. The chyle enters the 
blood-stream by the thoracic duct, and after an abundant fatty 
meal the blood-plasma is quite milky; the fat droplets are so 
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small that they circulate without hindrance through the capillaries. 
The fat in the blood after « meal is eventually stored up in the 
connective-tissue cells of adipose tissue. It must, however, be 
borne in mind that the fat of the body is not exclusively derived 
from the fat of the food, but it may originate also both from 
proteid and from carbohydrate. 

‘The great difficulty in fat absorption was to explain how the fat 
first gets into the columnar epithelium these ells will not take 
up other particles, and it appears certain that the epithelial cells 
do not in the higher animals protrude pseudopodia from their 
borders (this, however, does occur in the endoderm of some of the 
lower invertebrates) ; more- 
over fat particles have never 
been seen in the striated 
border of the cells. 

Rocent research has shown 
that particles may be present 
in the epithelium and lym- 
phoid cells while no fat is 
being wbsorbed. These par- 
ticles are apparently proto- 
plasmic in nature, as they stain ‘ F 
with reagents that stain proto- pi, {3a Muae meron of frog's Stowe 
plasmic granules; they how- e fas abacrraion. By 
ever also stain darkly with A 
osmic acid, and so are apt to 
be mistaken for fat. There is, however, no doubt that the particles 
foond during fat absorption are composed of fat. There is no 
doubt that the epithelial cells have the power of forming fat out of 
the fatty acids and glycerin into which fats have been broken up 
in the intestine. Munk, who has performed a lange number of 
experiments on the subject, showed that the splitting of fats into 
glycerine and fatty acids oceurs to a much greater extent than 
was formerly supposed ; these substances being soluble pass 
readily into the epithelium cells; and these cells perform the 
synthetic act of building them into fat once more, the fat so 
formed appearing in the form of small globules, surrounding or 
becoming mixed with the protoplasmic granules that are ordinarily 
present. Another remarkable fact which he made out is that 
after feeding an animal on fatty acids the chyle contains fat. 
The necessary glycerin must have been formed by proto- 
plasmic activity during absorption. ‘The more recent work of 
Moore and Rockwood has shown that fat is absorbed entirely 
as fatty acid or soap; and that preliminary emulsification, 
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though advantageous for the formation of these substances, is 
not essential. Wat of 

We thus see how with increase of knowledge due to improved 

“methods of research, a complete change has come in the ideas 
physiologists hold regarding this subject. It is not so many 
Years ago, that the physical change—emulsification—whieh fats 
undergo in tho intestine was considered to be more important 
than the chemical changes—fat-splitting and saponification. In 
fact, the small amount of chemical change which was) supposed 
to occur wax regarded ax quite subordinate, and of value merely 
in assisting the process of emulsification. We now know that the 
exact converse is the truth ; the chemical change is the important 
rocess, und emulsification the subordinate one, 

Bile aids the digestion of fat, in virtue of its being a solvent of 
fatty acids, and it probably assists fat absorption by reducing the 
surface tension of the intestinal contents; membranes moistened 
with bile allow fatty materials to pass through them more 
readily than would otherwise be the case. In cases of disease in 
which bile is absent from the intestines, a lange proportion of the 
fat in the food passes into the faces, 


Since the days of Lieberkithn it has been the desire of physiologists to 
prove that the aborytlon of solutions frum tho bitentinéd eat Us aoe 
hpon some simple physical basis. Thux the processes of filtration, camosis, 
and imbibition, either alone or in combination, have been in turns called 
upon ax affording the requisite explanation. Such theories have alternated 
with others in which the physical cause has been either wholly or in part 
rojected as inadequate, and the «deficiencies of the physical caus supple- 
mented by the physiological action of the epithelial lining of the ali 

tret. The terms “ vital selection." or “ physiological action of living celts 
are admittedly unsatisfactory. They afford vo real explanation of the 
intiinnte nature of the process; they are provisional names for what earnot 
yet be brought into line with precise physical aud chemical data, but that 
tuch processes do exist is unden: d'so we must be content for the 
present with the way in which they are labelled. 

‘The difficulty of the problem clocs not, however, entirely depend om the 
impossibility of defining the word vital, but also on the complicated nature 
of the phyxical processes to which we have alluded. Since the days when 
Fischer and Dutrochet inaugurated our elementary knowledge of osmotic 
phenomena, a great amount of research has been expended in making that 
P petadgaiioe abcarsée, nal meathe,pateen day it requires almesty 
specialist in this branch of physics to thoroughly understand it. Even so 
eminent a man ax the lnte Profewor Heidenhain did not fully eemprehend 
the nature of os processes, and his epoch-marking work ou absorption 
consequently suffers. ‘The subject has more recently been taken up by: 
Waymouth Reid, who bas » study of such phenomena, and whose 


























animals he experimented 
absorption was the serum or pla 
The substances to be absorbed were 
blood and ymph on the other side of the absorptive epitheliam, The 
serum or plasma was analysed, introduved into an isolated loop of the gut, and 


jogs, anil the mnterin! selected for 
of the blood. from the same an inal, 
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at the end ofa given time tte contents of the Joop were again analyst. 


The Vee in the loop and in the mesenteric veins was estinsatod mano- 
metrically ee Vint ao of the oxpériment ; allowance was made for 
the secretion of nal er and other preenations taken to make exch 


BS gary as complute as possible. ‘ 
it was found that the absorption by an animal of its own seram or plasm 


‘The activity of the cells is characterised by a slower uptake of the organté 
solids of the serum thin of water, and a quicker uptake of the salts than of 
the water; but the absolute numerical relations varies in different regions 
of the intestine, The state of nutrition of the cells is the main factor in 
their activity ; specific absorptive nerve-fibres were sought for but not found. 
The absorption of water from the gut depends partly on the physical 
relation of the osmotic pressure of the solution in the intestine to that of 
the blood plasma; but even the absorption of water is influenced by the 
physiological regulation of this difference by the directing or, ax it may be 
termes, orienting mechanisin of the cells. Such orienting action was first 
noted in eonncetion with salts by Otte Cohnheim ; he showed that, in am 
intestinal loop with injured cells, sodium chloride enters its lumen from the 
blood though the same salt is being actively absorbed from a normal loop in 
the same animal at the same time. In all probability the cell activity which 
crmuses the organic constituents of serum to pass into the blood ix of the sime 
nature as that involver the orienting action of the cells upon salts in 










@ with regard to the absorption of peptone and 
The chief factor in the absorption of peptone ix an 
assimilation (or ape hy the cells, while in the absorption of glucose 
diffusion variable by the permeability of the cells (and 0 probably related 
to their physiological conditi he main factor, By removal of the 
epithelium the normal ratio of peptone to glucose absorption is upset, and 
the value tends to approach that of diffasion of these substances throagh 
parchment paper into serum. Differences are also noted in different parts 
‘of the intestinal canal. 

The still more wonderful synthetic pawer which the cells exercise in 
relation to protelds and fats has been already mentioned in the main text. 












The feces are alkaline in reaction, and contain the following 
substances >— 

1, Water: in health from 68 to 82 per cent. ; in diarrhoa it 
is more abundant still. 

2. Undigested food: that is, if food is taken in excess, some 
escapes the action of the digestive juices. On a moderate dict 
unaltered proteid is never found, 

3 Indigestible constituents of the food: cellulose, keratin, 
mucin, chlorophyll, gums, resins, cholesterin. 

4. Constituents digestible with dificulty: uncooked starch, 
tendons, elastin, various phosphates, and other salts of the alkaline 
earths, 
















5. Products of decomposition of the food: 
phenol, acids such us fatty acids, lactic acid, dee. 
Inemoglobin ; insoluble soaps like those of calcium at 

6. Bacteria of all sorts and déirie from the 
cells, nuclei, mucus, de. 2 
7. Bile residues; mucus, cholesterin, traces of bile ac 
their products of decomposition, stercobilin from the bile 
‘The average quantity of solid fwcal matter passed 
human adult per diem is 6 to 8 ounces. 

Meconium is the name given to the greenish-black 
of the intestine of new-born children. It is chiefly e 
bile, with déris from the intestinal wall, The pigment 
mixture of bilirubin and biliverdin, not stercobilin. 







CHAPTER XXXV, 
THE MECHANICAL PROCESSES OF DIGESTION, 


Unper this head we shall study the muscular movements of 
the alimentary canal, which have for their object the onward 
movements of the food, and its thorough admixture with the 
digestive juices. Weshall therefore have to consider mastication, 
deglutition, the movements of the stomach and intestines, and 
the acts of defweation, and vomiting. 


Masricarion. { 


‘The act of chewing, or mastication, ix performed by the biting 
and grinding movement of the lower range of teeth against the 
upper. The simultaneous movements of the tongue and cheeks 
assist partly by crushing the softer portions of the food against 
the hard palate and gums, and thus supplement the action of 
the teeth, and partly by returning the morsels of food to the 
action of the teeth, again and again, as they are squeezed out 
from between them, until they have been sufficiently chewed. 

‘The act of mastication is much assisted by the saliva, and the 
intimate incorporation of this secretion with the food is called 
insalivation. | 

Mastication is much more thoroughly performed by some 
animals than by others. Thus, dogs hardly chew their food atall, 
but the asophagus is protected from abrasion by a thick coating 
of very viscid saliva which lubricates the pieces of rough food, 





OM. EEX¥.) DEGLUTITION, sig 


In vegetable feeders, on the other hand, insalivation is a much 
more important process. This is especially so in the ruminants ; 
in these animals, the grasa, &o. taken, is hurriedly swallowed, 
and passes into the first compartment of their four-chambered 
stomach. Later on, it is returned to the mouth in small instal- 
ments for thorough mastication and insalivation ; it is then once 
more swallowed and passes on to the digestive regions of the 
stomach. This is the act of rumination or “chewing the cud." 

Tn man, mastication ia also an important process, and in people 
who have lost their teeth severe dyspepsia is often produced, 
which can be oured by a new set of teeth, 


Deaioririon. 


When properly masticated, the food is transmitted in successive 
portions to the stomach by the act of deglutition or swallowing. 
This, for the purpose of description, may be divided into three 
acts. In the first, particles of food collected as a bolus are 
made to glide between the surface of the tongueand the palatine 
areh, till they have passed the anterior arch of the fauces; in the 
second, the morsel is carried through the pharynx; and in the 
third, it reaches the stomach through the esophagus, These 
three acts follow each other rapidly. (1.) The first act is 
voluntary, although it is usually performed unconsciously; the 
morsel of food when sufficiently masticated, is pressed between 
the tongue and palate, by the agency of the muscles of the former, 
in such a manner as to force it back to the entrance of the 
pharynx. (2.) The second act is the most complicated, because 
the food must go past the posterior orifice of the nose and the 
upper opening of the larynx without entering them, When it 
has been brought, by the first act, between the anterior arches of 
the palate, it is moved onwards by the movement of the tongue 
backwards, and by the muscles of the anterior arches contracting 
on it and then behind it. The root of the tongue being retracted, 
and the larynx being raised with the pharynx and carried for- 
wards under the base of the tongue, the epiglottis is pressed over 
the upper opening of the larynx, and the morsel glides past it; 
the closure of the glottis is additionally secured by the simul- 
taneous contraction of its own muscles; so that, even when the 
epiglottis is destroyed, there is little danger of food passing 
into the larynx so long as its muscles can act freely, In man, 
and some other animals, the epiglottis is not drawn as a lid 
over the larynx during swallowing. Atthe same time, the raising 
of the soft palate, so that its posterior edge touches, the back 
part of the pharynx, and the approximation of the sides of 
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the posterior palatine arch, which move quickly inwards like 
side curtains, close the passage into the upper part of the 
pharynx and the posterior nares, and form an inclined plane, 
along the under surface of which the morsel descends; then the 
pharynx, raised up to receive it, in its turn contracts, and forces 
it onwards into the esophagus. The passage of the bolus of food 
through the three constrictors of the pharynx is the last step in 
this stage. (3.) In the third act, in which the food passes 
through the asophagus, every part of that tube, as it receives tho 
morsel and is dilated by it, is stimulated to contract: hence an 
undulatory or peristaltic contraction of the aophagus occurs, 
which is easily observable through the skin in long-necked animals 
like the swan. If we suppose the bolus to be at one particular 
place in the tube, it acts stimulatingly on the circular muscular 
fibres behind it, and inhibitingly on those in front ; the contraction 
therefore aqueezes it into the dilated portion of the tube in front, 
where the same process is repeated, and this travela along the 
whole length of the tube. The second and third parte of the act 
of deglutition are involuntary. The action of these parts is more 
rapid than peristalsis usually is. This seems to be due to the 
large amount of striated muscular tissue present. It serves the 
useful purpose of getting the bolus as quickly as possible past 
the opening of the respiratory tract. 

Nervous Mechawism.—The nerves engaged in the reflex act of 
deglutition are :—sensory, branches of the fifth cranial nerve sup- 
plying the soft palate and tongue; glosso-pharyngeal, supplying 
the tongue and pharynx ; the superior laryngeal branch of the 
vagus, supplying the epiglottis and the glottis; while the motor 
fibres concerned are:—branches of the fifth, supplying part of the 
digastric and mylo-hyoid muscles, and the muscles of mastication ; 
the bulbar part of the spinal accessory through the pharyngeal 
plexus, supplying the levator palati, probably by rootlets which are 
glosso-pharyngeal in origin ; the glosso-pharyngeal and vagus, and 
possibly the bulbar part of the spinal uccessory, supplying the 
muscles of the pharynx through the pharyngeal plexus ; the vagus, 
in virtue of its spinal accessory roots, supplying the muscles of 
the larynx through the inferior laryngeal branch ; and the hypo- 
glossal, the museles of the tongue. The nerve-centre by which the 
muscles are harmonised in their action, is situated in the medulla 
oblongata. Stimulation of the vagi gives rise to peristalsis of the 
esophagus. The cell stations of these fibres are in the ganglion 
trunci vagi. Division of both pneumo-gastric nerves gives rise to 
paralysis of the esophagus and stomach, and firm contraction of 

the cardiac orifice. These nerves therefore normally wayyly the 
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with motor, and the cardise sphincter with inhibitory 
fibres. If food is swallowed after these nerves are divided, it 
accumulates in the gullet and never reaches the stomach. 

Inv discussing peristalsis on a previous occasion (p. 161), we 
arrived at the conclusion that it is an inherent property of 
muscle rather than of nerve; though normally it is controlled 
and influenced by nervous ageney. This nervous control is 
especially marked in the esophagus ; for if that tube is divided 
across, leaving the nerve branches intact, a ware of contraction 
will travel from one end to the other across the cut. 

of Fluids.—We must next note that the swallow- 
ing both of food and drink is 4 muscular act, and can, therefore, 
take place in opposition to the force of gravity. Thus, horses 
and many other animals habitually drink up-hill, and the same 
feat can be performed by jugglers. 

Under ordinary circumstances, however, the swallowing of fluids 
is differently produced from what we have already described : 
the division of the act of deglutition into three stages is true 
for the swallowing of solids only. This has been shown by 
Kronecker. 

In swallowing liquide the two mylo-hyoid muscles form a 
diaphragm which pulls the root of the tongue upwards and back- 
wards; the two hyo-glossi act with these, pulling the tongue 
backwards and downwards. The action of these four muscles 
resembles that of a foree-pump projecting the mass of fluid down 
into the asophagus; it reaches the cardiac orifice with great 
speed, and the pharyngeal and wsopbageal muscles do not contract 
on it at all, but are inhibited during the passage of the flaid 
through them. 

This is proved in a striking way in cases of poisoning by 
corrosive substances like oil of vitriol; the mouth and tongue are 
‘scarred and burnt, but the pharynx and asophagus escape serious 
injury, so rapidly does the fluid pass along them; the cardiac 
orifice of the stomach is the next place to show the effects of the 
corrosive. 

There is, however, no hard-and-fast line between the swallowing 
of solids and fluids: the more liquid the food is, the more does 
the force-pump action just described manifest itself. 


Movements or THe Sromacu, 

The gastric fluid is assisted in accomplishing its share in 
digestion by the movements of the stomach. In granivorous 
birds, for example, the contraction of the strong muscular gizzard 
affords a necessary aid to digestion, by grinding and triturating 
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the hard seeds which constitute their food. But in the sto 

of man and other Mammalia the movements of the muscular co 
are too feeble to exercise any such mechanical force on sito 
neither are they needed, for mastication has already done 
mechanical work of a gizzard ; and experiments have demonstrated 
that substances are digested even enclosed in perforated tubes, 
and consequently protected from mechanical influence. 

‘The normal actions of the muscular fibres of the human 
stomach appear to have a three-fold purpose; (1) to adapt the 
stomach to the quantity of food in it, so that its walls may be in 
contact with the food on all sides, and, at the same time, may 
exercise a certain amount of compression upon it; (2) to keep: 
the orifices of the stomach closed until the food is digested ; and 
(3) to perform certain peristaltic movements, whereby the food, 
as it becomes chymified, is gradually propelled towards, and 
ultimately through, the pylorus. In accomplishing this latter 
end, the movements without doubt materially contribute towards 
effecting a thorough intermingling of the food and the gastric juice, 

When digestion is not going on, the stomach is uniformly con- 
tracted, its orifices not more firmly than the rest of its walls; but, 
if examined shortly after the introduction of food, found 
closely encircling its contents, and its orifices, are firmly closed 
like sphincters. The cardine orifice, every time food is swallowed, 
opens to admit its passage to the stomach, and immediately again: 
closes. ‘The pyloric orifice, during the first part of gastric diges- 
tion, is usually #0 completely closed, that even when the stomach 
is separated from the intestines, none of its contents escape. 
But towards the termination of the digestive process, the 
pylorus offers less resistance to the passage of substances from 
the stomach; first it yields to allow the successively digested 
portions to go through it; and then it allows the transit even of 
undigested substances. It appears that food, so soon as it enters 
the stomach, is subjected to a kind of peristaltic action of the 
muscular coat, whereby the digested portions are gradually moved. 
towards the pylorus. The movements are observed to increase 
in rapidity as the process of chymification advances, and are 
continued until it is completed. 

The contraction pf the fibres situated towards the pyloric end 
of the stomach seems to be more energetic and more decidedly 
peristaltic than those of the cardiac portion. Thus, it was found 
in the case of St. Martin, that when the bulb of a thermometer 
was placed about three inches from the pylorus, through the 
gastric fistula, it was tightly embraced from time to time, and 
drawn towards the pyloric orifice for « distance of three or four 
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inches, The object of this movement appears to bo, as just said, 
to carry the food towards the pylorus as fast as it is formed 
into chyme, and to propel the chyme into the duodenum; the 

igeated portions of food are kept back until they are alxo 
reduced into chyme, or until all that is digestible has passed out. 
‘The action of these fibres is often seen in the contracted state of 
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the pyloric portion of the stomach after death, when it alone is 
contracted and firm, while the carliac portion forms a dilated 
sac. Sometimes, by « predominant action of strong circular fibres 
placed between the cardia and pylorus, the two portions, or ends 
as they are called, of the stomach, are partially separated from 
each other by a kind of hour-glass contraction. By means of 
the peristaltic action of the muscular coats of the stomach, not 
merely is chymified food gradually propelled through the pylorus, 
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buta kind of double current is continually kept ap among 
contents of the stomach, the circumferential parts of the. 
being gradually moved onward toward’ the pylorus by the 
truction. of the muscular fibres, while the central 


are 
propelled in the opposite direction, namely towards the cardiac 


orifice; in thix way is kept up a constant circulation of the eon 
tents of the viscus, highly conducive to their thorough admixture 
with the gastric fluid and to their ready digestion. 

Under ordinary circumstances, three or four hours may be 
taken as the average time oceupied by the digestion of a meal in 
the stomach, But the digestibility and quantity of the meal, and 
the state of body and mind of the individual, are im) 
causes of variation, The pylorus usually opens for the first time 
about twenty minutes after digestion begi it, however, quickly 
closes again. The intervalé between its openings diminish, and 
the periods during which it remains open increase, until towards 
the end of the time it is permanently open, and the chyme can 
pass freely into the duodenum. 


‘The results which have just been stated were made out cw to ie 

eet of the Rintgen mys. The subject has recently 
again by Cannon. He gave an animal food mixed with bismuth stint, 

an obtained shadow Photoart of the stomach, because the bismuth 
renders ite contents opaque. His resalts mainly confirm those of the earlber 
investigators ; the principal peristalsis occurs in the pyloric portion of the 
stomach. The cardiae portion presses steadily on its contents, and as they 
become chymified urge them onwands towards the pyloric potion ; the latter 
empties itself gradually through the pylorus into the duodenum, and in 
later stages of digestion the cardiac part also is constricted into a tube: 


Influence of the Nervous System.—The normal move 
ments of the stomach during gastric digestion do not appear to 
be so closely connected with the plexuses of nerves avd 
contained in its walls as was formerly supposed. The action, 
however, appears to be set up by the presence of food within it, 
The stomach is, however, directly connected with the higher 
nerye-centros by means of branches of the vagi and of the 
splanchnic nerves through the solar plexus. 

The vagi (especially the left) contain the accelerator nerves of 
the stomach ; when they are stimulated the result is peristaltic 
movement. The sympathetic fibres are inhibitory; when they” 
are stimulated peristalsis ceases. The cell stations on the course 
of the vagus fibres are in the ganglion trunci vagi; the post- 
ganglionic fibres that issue from this ganglion are non-medullated, 

The sympathetic fibres leave the spinal cord by the anterior 
roots of the spinal nerves from the fifth to the eighth thoracie, 
They pass into the sympathetic system, have cell stations in the 
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catliac ganglion, and ultimately pass to the stomach by the 
splanchnic nerves. 
It seems probable that automatic peristaltic contraction is 
inherent in the muscular coat of the stomach, and that the 
central nervous system is only employed to regulate it by impulses 
pasding down by the vagi or splanchnic nerves. 

‘The seeretory nerves of the gastric glands are treated on p. 482. 


Vomrresa. 


«The expulsion of the contents of the stomach in vomiting, like 
that of mucus or other matter from the lungs in coughing, is 
led by un inspiration; the glottis ix then closed, and 
immediately afterwards the abdominal muscles strongly wet; but 
here occurs the difference in the two actions. Tnstead of the vocal 
cords yielding to the action of the abdominal muscles, they 
remain tightly closed. Thus the diaphragm being unable to go 
up, forms an unyielding surface against which the stomach can 
be pressed. At the same time the cardiac sphincter-musele being 
relaxed, and the orifice which it naturally guards being dilated, 
while the pylorus is closed, and the stomach itself also con- 
tracting, the action of the abdominal muscles expels the contents 
of the organ through the wsophagus, pharynx, and mouth. The 
reversed poristaltic action of the a@sophagus possibly increases 
the effect. 

It has been frequently stated that the stomach itself is quite 
passive during vomiting, and that the expulsion of its contents is 
effected solely by the pressure exerted upon it when the capacity 
of the abdomen is diminished by the contraction of the diaphragm, 
and subsequently of the abdominal muscles. The experiments 
and observations, however; which are supposed to confirm this 
statement, only show that the contraction of the abdominal 
museles alone is sufficient to expel matters from an unresisting 
bag through the wsophagus; and that, under very abnormal 
elreumstances, the stomach, by itself, cannot expel its contents. 
‘They by no means show that in ordinary vomiting the stomach is 
passive, for there are good reasons for believing the contrary. In 
some eases of violent vomiting the contents of the duodenum are 

‘by anti-peristalsis into the stomach, and are then vomited. 
here there is obstruction to the intestine, as in strangulated 
hernia, the contents of all the small intestine may be vomited. 

Nervous mechanism. me few persons possess the power 
of vomiting at will, or the power may be acquired by effort and 
practice, But normally the action is a reflex one. 

‘The afferent nerves aro principally the fifth, and glossopharyngeal 

















(as in vomiting produced by tickling the fauces), and the 
(as in vomiting produced by gastric irritants); but von 
may occur from stimulation of other sensory nerves, eg. ti 


from the kidney, uterus, testicle, &e. The centre may also be 


stimulated by impressions from the cerebrum and 


producing so-called central vomiting oceurring in diseases of those 


parts. J. 

The centre for vomiting is in the medulla oblongata, and coin- 
cides with the centres of the merves concerned. 

The efferent (motor) impulses are carried by the yagi to the 
stomach, by the phrenies to the diaphragm, and by various other 
spinal nerves to the abdominal muscles. 

Emetics.—Some emetics produce vomiting by irritating the 
stomach ; others, like tartar emetic, apomorphine, «c., by stimu- 
lating the vomiting centre. 

Movewenns or tine Denesrisis. 

‘The movement of the intestines is peristaltic or vermicular, and 
is effected by the alternate contractions and dilatations of successive 
portions of the muscular coats. The contractions, which may 
commence at avy point of the intestine, extend in a wave- 
like manner along the tube. They are similar to what we 
have described in the asophagus. In any given portion, the 
longitudinal muscular fibres contract first, or more than the 
circular; they draw a portion of the intestine upwards, over 
the substance to be propelled, and then the circular fibres of the 
saine portion contracting in succession from above downwards, 
press the substance into the portion next below, in which at once 
the same succession of actions next ensues. These movements 
take place slowly, and, in health, commouly give rise to no sensa- 
tion; but they are perceptible when thoy are accelerated under 
the influence of any irritant. 

‘The movements of the intestines are sometimes retrograde; and 
there is no hindrance to the backward movement of the contents 
of the small intestine, as in cases of violent vomiting just referred 
to. But almost complete se is afforded against the passage 
of the contents of the large into the small intestine by the ileo- 
cwcal valve. Besides,—the oritice of communication between the 
ileum and cweum (at the borders of which orifice are the folds 
of mucous membrane which fora the valve) is encircled with 
muscular fibres, the contraction of which prevents the undue 
dilatation of the orifice. 

Proceeding from above downwands, the muscular fibres of the 

intestine become, on the whole, stronger in direct proportion 
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to the greater strength required for the onward moving of the 
feces, which are gridually, owing to the absorption of water, 
becoming firmer, The greatest strength is in the rectum, at the 
termination of which the circular unstriped muscular fibres form 
# strong band called the #fernal sphincter; while an external 
sphincter muscle with striped fibres is placed rather lower down, 
and more externally, and holds the orifice close by a constant 
slight tonic contraction. 

Nervous mechanism.—Lxperimental irritation of the brain 
or cord produces no evident or constant effect on the movements 
of the intestines during life ; yet in consequence of certain mental 
conditions the movements are accelerated or retarded; and in 

legia the intestines appear after a time much weakened in 
their power, and costiveness, with a tympanitic condition, ensues. 

As in the case of the esophagus and stomach, the peristaltic 
movements of the intestines may be directly set up in the 
muscular fibres by the presence of food or chyme acting as the 
stimulus Few or no movements occur when the intestines are 
empty. 

The swall intestines are connected with the central nervous 
system by the vagi and by the splanchnic nerves. ‘The fibres 
which leave the medulla in the vagal rootlets are fine medullated 
ones: they are connected with cells in the ganglion tranei, and 
then continue as non-medullated tibres to the intestinal walls; 
they pass through the solar plexus, but are not connected with 
nerve-cells in that plexus. In animals stimulation of the poeumo- 
gastric nerves induces peristaltic movements of the intestines. If 
the intestines are contracting peristaltically before the stimulus 
is applied, the movements are inhibited for a brief period, after 
which they are greatly augmented. ‘The sympathetic fibres leave 
the cord as fine medullated fibres by the anterior roots from the 
sixth thoracic to the first lumbar, pass through the lateral chain, 
butdo not reach their cell stations until they arrive at the superior 
mesenteric ganglin; thence they pass as non-medullated fibres to 
the muscular coats. Stimulation of these tibres causes inhibition 
of any peristaltic movements that may be present. These nerves 
also contain vaso-motor fibres, and section of these leads to vaso 
dilatation and a great increase of very watery succus entericus. 

Peristalsis in the small intestine can be oxcited artificially 
even when all nerves running to it from the central nervous 
system have been cut through. After pinching any particular 
spot a wave of inhibition trivels downwards, and a wave of 
contraction upwards. (Starling.) 

In the case of the large intestine there is no supply from the 
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vagus. ‘The inferior mesenteric nerves ure inhibitory in fanction, 
and the pelvic nerves take the place of the vagal fibres as 
excitatory: this refers to both coats of the muscular wall. If 
one pinches any particular spot, the upward wave of contruction 
is not so marked as in the small intestine, but the downward 
travelling wave of inhibition is well seen. 

Duration of Intestinal Digestion.—The time occupied by the 
journey of @ given portion of food from the stomach to the anus, 
varies considerably even in health, and on this account probably 
it is that such different opinions have been expressed in regard 
to the subject. About twelve hours are occupied by the journey 
of an ordinary meal through the small intestine, and twenty-four 
to thirty-six hours by the passage through the /arge bowel. 

Drugs given for relief of diarrhaa or constipation act in various 
ways; some influence the amount of secretion and thus increase or 
diminish the fluidity of the intestinal contents; others acting on 
the muscular tissue or its nerves increase or diminish peristalsis. 

Defwcation.—The act of the expulsion of faces is in part due 
to an increased reflex peristaltic action of the lower part of the 
large intestine, namely of the sigmoid flexure and rectum, and in 
part to the action of the abdominal muscles. In the ease of active 
voluntary efforts, there is usually, first an inspiration, ax in the ease 
of coughing, sneezing, aud vomiting ; the glottis is then closed, and 
the diaphragm fixed. The abdominal muscles are contracted as 
in expiration; bat as the glottis is closed, the whole of their 
pressure is exercised on the abdominal contents, The sphincter 
of the rectum being relaxed, the evacuation of its contents takes 
place accordingly, the effect being increased by the peristaltic 
action of the intestine. 

Nervous Mechanism. —The anal sphincter muscle is normally 
in a state of tonic contraction. The nervous centre which 
governs this contraction is situated in the lumbar region of 
the spinal cord, inasmuch as in cases of division of the cord above 
this region the sphincter regaing, after a time, to gome extent the 
tonicity which is lost immediately after the operation. By an 
effort of the will, acting on the centre, the contraction may be 
relaxed or increased. Such voluntary control over the set is 
obviously impossible when the cord is divided. In ordinary 
cases the apparatus is set in action by the gradual accumula- 
tion of faces in the sigmoid flexure and rectum, pressing by 
the peristaltic action of these parts of the large intestine against 
the sphincter, and causing by reflex action its relaxation; this 
sensory impulse acts upon the brain and reflexly through 
the spinal centre. At) the same time that the sphincter is 


~ 


(OB, XXX¥I.) THE URINARY APPARATUS, 529° 


inhibited or relaxed, impulses pass to the muscles of the lower 
intestine increasing their peristalsis, and to the abdominal muscles 
as well. 

Both inhibitory and motor fibres for the lower part of the 
intestine leave the cord by anterior roots lower than those which 
contain the fibres for the small intestine, The cell-stations are 
situated in the inferior mesenteric ganglia, or along the course 
of the colonic or hypogastric nerves. The lower portion of the 
large intestine resembles the asophagus in being more under 
external neryous control than the small intestine, 


CHAPTER XXXVI. 
THE URINARY APPARATUS. 


Turs consists of the kidneys ; from each a tube called the ureter 
leads to the bladder in which the urine is temporarily stored ; 
from the bladder a duct called the wrethra leads to the exterior. 

‘The Kidneys are two in number, and are situated deeply in 
the lumbar region of the abdomen on either side of the spinal 
column behind the peritoneum. ‘They correspond in position to 
the last dorsal and three upper lumbar vertebre; the right 
is slightly below the left in consequence of the position of the 
liver on the right side of the abdomen, They are about 4 inches 
long, 24 inches broad, and 1} inch thick, The weight of each 
kidney is about 44 oz. 

Structure.—The kidney is covered by a fibrous capsule, which 
is slightly attached at its inner surface to the proper substance 
of the organ by means of very fine bundles of arcolar tissue and 
minute blood-vessels. From the healthy kidney, therefore, it may 
‘be easily torn off without much injury to the subjacent cortical 
portion of the organ. At the Ailus of-the kidney, it becomes 
continuous with the external coat of the upper and dilated part 
of the ureter (fig. 415). 

On dividing the kidney into two equal parts by a section 
curried through its long convex border it is seen to be composed 
of two portions called respectively cortical and medullary; the 
Jatter is composed of about a dozen conical bundles of urinary 
tubules, each bundle forming what is called a pyramid. The 
upper part of the ureter or duct of the organ, is dilated into the 
pelvis; and this, again, after separating into two or three principal 
divisions, is finally subdivided into still smaller portions, varying 

‘rr, . we 
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in number from about 8 to 12, called enlyces Each of these 
little calyoes or cups receives the pointed extremity or papilla of 
a pyramid. The number of pyramids varies in different animals; 
in some there is only one. S 

The kidney is a compound tubular gland, and both its cortical 
and medullary portions are coraposed of tubes, the tubulé uriniferi, 
which, by one extremity, in the cortioa! portion, commence around 
vufts of capillary blood-vessels, 
called Malpighian bodies, and, 
by the other, open through 
the papill@ into the pelvis of 
the kidney, and thus dis- 
charge the urine whieh flows 





Fig. 425.—Plan of « longitudinal sootion 
‘through, the iets and Substance tthe 
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through them. ‘They are bound together by connective-tissue: 
Tn the pyramids the tubes are straight—uniting to form larger 
tubes as they descend through these from the cortical portion; 
while in the latter region they spread out more irregularly, and 
become much convoluted. But in the downdary sone between 
cortex and medulla, smal! collections of straight tubes called 
medullary rays project into the cortical region. 
~ Pubuli Uriniferi—The tubuli uriniferi (fig. 420) are componed 
of a basement membrane, lined internally by epithelium. They 
vary considerably in size in different parte of their course, but 
Wy, on an average, about hq of an inch mm.) in diameter, 
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and are found to be made up of several distinct portions which differ 
from one another very markedly, both in situation und structure. 








Fig. 417.—A diagram of the nections of uriniferous tubes, A, cortex limited externally by 
the capsule; a, subcapsular layer not containing Malpighian corpuscles; a, inner 
steatumn of cortex, also without Malpighian capsules ; B, boundary layer; C, medullar 
part next tho boundary layer; 1, Bowman's capsule of Malpighian corpuscle ; 3, nedl 
Sf capsule; 5, Siret convoluted tubule; 4, mpiral tubule; 5, descending ‘limb of 
Henle's loop ;'6, the loop proper ; 3, thick part of the ascending mb; 8, spinal part 
of ascending limb; 9, narrow ascending limb in the medullary ray; 10, the sipaag 
tubule; 11, the stcond convoluted tabule; ta, the junctional tubule; 14, the oollectin 
tubule of the medullary ray; 14, the collecting tube of the boundary (ner x5, 80 
of Bellini. (Eleés.) 
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Each begins in the cortex as a dilatation called the Capeule 
of Bowman ; this encloses a tuft or glomerulus of capillaries called 
a Malpighian corpusele. The tubule leaves the capsule by a neck, 
and then becomes convoluted (first convolwted thule), but soon 
after becomes nearly straight or 
slightly spiral (spiral tubule) ; 
then rapidly narrowing it passes 
down into the medulla as the 
desceniling tutaile of Henle ; this 


se 


- larger and irregularly siguag (2 
* 


(second convoluted tubute). Es 
- tanleeniad T 
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In the neck the epithelium is still flattened, butin 
like frogs, where the neck is longer, the epithelium is 


Fig, 422. sry i 


recta 
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THE URINARY APPARATUS. 
















‘a fibrillated structure, ex- 
cept around the nucleus, 
where the protoplasm 

granular. The cells inter- 
lock laterally and are diffi 
cult to isolate, In some 
animals they are described 
as ciliated. In the narrow 
descending tubule of Henle 
and in the loop itself, the 
cells areclear and flattened 


striated and nearly fill the 
tubule. In the zigzag and 
second convoluted tubules 
the fibrillations become 
even more marked, The 
junctional tubule bas a 
large lumen, and is lined 
hy clear flattened cells; 
the collecting tubules and 
duets of Bellini are lined 
by clear cubical or col- 
umnar cells. 

Blood - vessels of 
Kidney.— The renal 
artery enters the kidney 
at the hilus, and divides 
into branches that La 
towards the cortex, tl 
turn over arid form incom- 
plete arches in the region 
between cortex and me- 
dulla, From these arches 





vessels pass to the surface which are called the interlobular arteries: 
they give off vessels at right angles, which are the afferent 
weasels of the glomeruli ; & glomerulus is made up of capillaries as 
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previously stated, From each, a smaller vessel (the efferent vessel of 
the glomerulus) passes out, and like « portal vessel on a small scale, 





Pig. 424.—Malpighian carpuscle, injected throogh the renal artery with coloured golatin ; 

5 Slameralat wy ms Dacoremies anterior expat afferent vessel of glomerulus; 
breaks up once more into capillaries which ramify between the 
convoluted tubules, These unite to form veins (énterlobular veins) 
which accompany the interlobular arteries; they pass to venous 
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arches, parallel to, but more complete than the 

arterial arches ; lh Mepis flamrradeti ct si 

leaves the hilus. veins receive also others which have 
arrangement near the capsule (vena ateldula). 

‘The medulla ix suppliod by pencils of fine stright arterioles. 

which arise from the arterial arches. They are called arteria 

recter, The efferent vessels of the glomeruli nearest the medulla 


arteri: rect. The veins (vena rector) take a similar course and 
empty themselves into the venous arches. In the boundary zone 
groups of wisa reefa alternate with groups of tubules, and give 
& striated appearance to this portion of the medulla. 

‘Tho Ureters.—The duct of each kidney, or ureter, is a tube 

about the size of a goose-quill, and from twelve to sixteen inches 
in length, which, continuous above with the pelvii, ends below 
by perforating obliquely the walls of the bladder, and opening 
on its internal surface. 
It is constructed of three coats: (a) an outer fibrous coat ; 
(2) a middle muscular coat, of which the fibres are unstriped, and 
arranged in three layers—the fibres of the central layer being 
circular, and those of the other two longitudinal in direction ; 
the outermost longitudinal layer is, however, present only in the 
lower part of the ureter; and (c) a mucous membrane continuous 
with that of the pelvis above, and of the urinary bladder below. 
It is composed of areolar tissue lined by transitional epithelium. 

The Urinary Bladder, which forms a receptacle for the 

temporary lodgment of the urine in the intervals of its expulsion 
from the body, is pyriform, its widest part, which is situate above 
and behind, is termed the fiendus; and the narrow constricted 
portion in front and below, by which it becomes continuous with 
the urethra, is called its cereix or neck. 
It is constructed of four coats,—eerows, muscular, areolar 
or submucous, and mucous. (a.) The serous coat, which covers 
only the posterior and upper part of the bladder, hus the 
same structure as the peritoneum, with which it is continuous. 
(+) The fibres of the muscular cont, which aro unstriped, are 
arranged in three layers, of which the external and internal have 
a general longitudinal, and the middle layer a circular direction. 
‘The latter are especially developed around the cervix of the organ 
and form the sphincter vesice. (c.) The areolar or submucows coat 
is constructed of connective-tiasue with a large portion of elastic 
fibres. (d.) The mucous membrane is like that of the ureters. 
It is provided with mucous glands, which are most numerous 
near the neck of the bladder. 



















may alyo break up into similar vessels which are called false 
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‘The bladder ix well provided with blood- and lymph-veseels, and 
with nerves. The latter are both medullated and non-medullated 
fibres, and consist of branches from the sacral plexus and hypo- 
gastric plexus, Ganglion cells are found, here and there, on the 
course of the nerve-fibres. 

‘The Urethra.—This occupies the centre of the corpus 

in the male. As it passes through the prostate it 
is lined by transitional, but elsewhere by columnar epithelium, 
except near the orifice, where it is stratified like the epidermis 
with which it becomes continuous The female urethra has 
stratified epithelium throughout. The epithelium rests on a 





Rescind peices Seemee sketry aon 
vaseular corium, and this is covered by submucous tissue con- 
taining an inner longitudinal and an outer circular muscular 
layer. Outside this a plexus of veins passes insensibly into the 
surrounding orectile tissue. 

Into the urethra open a number of oblique recesses or facwn, 
a number of small mucous glands (glands of Littré), two ecom- 
pound racemose glands (Cowpor's glands), the glands of the 
prostate, and the vus deferens, The prostate, which surrounds the 
commencement of the male urethra, is a muscular and glandular 
mass. Ite glands are tubalar and lined by columnar epithelium. 


5 Tae Funcrioxs or rae Kipwers. 
The main function of the kidneys is to separate the urine from 
the blood. The true secreting part of the kidney is the glandular 
epithelium that lines the convoluted portions of the tubules ; 


artery 
have a smaller calibre, and thus there is 


the Malpighian cay 
salts, pas through the thin rll 
hich forms | 
ey 
from escaping. During the passage of the water which leaves th 


blood at the glomerulus through the rest. of the renal tabs, ft 
into 






The term excretion is better than seretion as applied to the 
kidney, for the constituents of the urine are not actually formed 
in the kidney itself (a, for instance, the bile is formed in the 
liver), but they are formed elsewhere ; the ley is ai the 
place where they are picked out from’ the blood and oliminated 
from the body. 


Tho Norves of the Kidnoy. 


Nerves. —The nerves of the kidney are derived from the renal 
plexus of each side. This consists of both medullated and non- 
medullated nerve-fibres, the former of varying size, and of nerve- 
cells, Fibres from the anterior roots of the eleventh, twelfth, and 
thirteenth dorsal nerves (in the,dog) pass into this plexus. They 
are both vaso-constrictor and vaso-dilatator in function, The 
nerve-cells on the course of the constrictor fibres are situated in 
the covliac, mesenteric, and renal ganglia ; the cells on the course 
of the diltator fibres are placed in the solar plexus and renal 
ganglia. 

These norves are thus vaso-motor in function; we have at 
present no knowledge of true secretory nerves to the kidney; the 
amount of urine varies directly with the blood-pressure in its 
capillaries, 

Tnerease in the quantity of urine is caused by a rise of intra~ 
capillary pressure. This may be produced by increasing the 
general blood-pressure ; and this in tum may be produced in the 
following wa: 

{1.) By increase in the force or frequency of the heart beat. 

(2.) By constriction of the arterioles of areas other than that 


est zl 
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the kidney, as in cold weather, when the cutaneous ries 
ott ‘idney, e3 capilla 


(3.) By increase in the total contents of the vascular system, 
as after drinking large quantities of fluid, 

The blood-pressure in the renal capillaries may also be 
incréased locally by anything which leads to relaxation of the 
renal arterioles. 

Decrease in the quantity of urine is produced by the opposites 
in each case. 

¥f the renal nerves are divided, the renal arterioles are relaxed, 
and pressure in the renal capillaries is raised, so there is an 
increased flow of urine. ‘This is accompanied by an increase in 
the volume of the kidney, as can be seen by the oflcometer. 

Stimulation of the divided nerves juces a diminution in 
the amount of urine, and a shrinkage of the kidney due to a 
constriction of its blood-vessels. + 

If the splanchnio nerves aro experimented with instead of the 
renal, the effects are not so marked, as these nerves have a wide 
distribution, and section leads to vascular dilatation in the whole 
splanchnic area; hence the increase in pressure in the renal 
capillaries ig not so noticeable. 

Puncture of the floor of the fourth ventricle in the neighbour- 
hood of the vaso-motor centre (élose to the spot, puncture of 
which produces glycosuria) leads to a relaxation of the renal 
arterioles and a consequent large increase of urine (polyuria). 

Section of the spinal cord just below the medulla causes a 
cessation of secretion of urine, because of the great fall of general 
Hockotene which oceurs If the animal is kept alive, 

goes up after a time, owing to the action 
ot eatite eaten costoe- te the cord. When this has 
occurred stimulation of the peripheral end of the cut spinal cord 
again causes urinary secretion to stop, because the renal artery 
(like the other arteries of the body) is so constricted that the 
pressure in the renal capillaries becomes too low for secretion to 
occur, 

We thus see that the amount of urine varies with blood- 
pressure, But such a statement does not give the whole truth. 
Increase of blood-pressure and an increased amount of blood 
flowing through the kidney go together when the blood is 
cireulating normally, and it is really the increase in the amount of 





* The reciprocal action between skin and kidneys will be disenseed more 
brite est the Chapter ‘on the skin. 
the nerves also contain vaso-dilatator fibres, which are-exeited when a 
ps res ‘of stimulation is used (see p. 309). 
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blood which causes the rise in the amount of urine secreted. If 
the blood-pressure is increased without allowing the blood to flow 
the amount of urine formed is not raised. This can be done by 
ligaturing the renal vein ; the blood-pressure within the kidney 
then rises enormously, but the flow of urine stops. 





Pig. 426,—Onoometers for kidneys of different sizes. 


Another effect of ligaturing the blood-vessels of the kidney 
must be here mentioned, If the vessels are temporarily ligatured, 
and then the ligature is released, the urine which is then formed 
is for a time albuminous. ‘This is because the temporary ansmia 
of the kidney produced by the ligature has lessened the vitality 





Fie, 4z7-—Curve taken by, renal onoometer compared with that of ontinuxy blind 
Pressure. 4, Kidney curve; , blood-prewury curve. (Roy.] 


of the renal epithelium in such a way that it is no longer able to 
prevent the escape of albumin from the blood 

The Oncometer is an instrument constructed on plethysamo- 
graphic principles, by means of which the volume of the kidney 
is registered, The general characters of this instrument are 
described in the diagrams on pp. 310, 311. ‘The spocial form 
adapted for the kidney is shown in fig. 426, An air oncometer 
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oppuiamal with Marey’s tambour gives equally good or even better 


ts. ° 

Tt is found that the effect on the volume of the organ of 
dividing or stimulating nerves corresponds to blood-pressure. A 
rise of blood-pressure in the renal artery is produced by con- 
striction of the reval arterioles; this is accompanied by a fall of 
pee the renal capillaries, and a shrinkage of the kidney. 

nerease in the volume of the kidney is produced by the opposite 
circumstances, 

‘The accompanying tracing (fig. 427) shows that in a kidney 
curve one gets a rise of volume due to each heart beat, and larger 
waves which accompany respiration. In many cases larger sweeping 
waves (Tranbe-Hering curves) are often shown as well. If a 
kidney curve is compared with a tracing of arterial pressure, it 
will be seen that the rise of arterial pressure coincides with a fall 
of the oncograph lever due to constriction of the renal vessels. 

Diuretios are drags which produce an increased flow of urine ; 
they act in various ways, some by increasing the general blood- 
pressure, others by acting locally upon the kidney (increasing its 
volume as measured by the oncometer); under this latter head 
are doubtless to be inchided some also which act on the renal 
epithelium rather than on the blood-veasels. 


Activity of the Renal Epithelium. 


The epithelium of the convoluted tubules has a structure 
which suggests from its resemblance to other forms of secreting 
epitheliums, that its function here also is secreting. This is 
confirmed by the manner in which the blood-vessels break up into 
capillaries around these tubule; and is further confirmed by 
experiments. - 

Heidenbain has shown that if a substance (sodium sulph- 
indigotate), which ord: produces blue urine, is injected 
into the blood (after medulla oblongata, which 

the renal glomeruli), 
convolut mubules 


e stalin 
found in the lume: of 1 that the pigment 
at any rate is eli ells ited tubules, 
and that when b: g the r e, the filtration 
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that the cells, if they excrete the pigment, excrete urea and ¢ 
substances also, 

But the proof is not absolute, for the pigment is a a 
Substance. Urea is a very difficult substance to trace in 

way because it does not leave any coloured trail behind it. Ih 
birds the place of urea is taken by uric acid, and the urates can 
be actually traced, because they are deposited as erystals, and 
can be seen in the cells and convoluted tubes much in the same 
way as Heidenbain’s blue pigment. 

Other experiments, however, have been unde-taken to Prove 
the point for the case of urea. 

If the part of the cortex of the kidney which contains the 
glomeruli is removed, urea still continues to be formed. This is 
an additional proof that the excretion is performed by the portions 
of the convoluted tubules that remain. 

By using the kidney of the frog or newt, which has two distinct 
vascular supplies, one from the fenal artery to the glomeruli, and 
the other from the renal- vein to the convoluted tubes, 
Nussbaum has shown that certain foreign substances, eg. peptones: 
and sugar, when injected into the blood, ave eliminated by the 
glomeruli, and so are not got rid of when the renal arteries are 
tied; whereas certain other substances, ¢g. urea, when injected 
into the blood, are eliminated by the convoluted tubes, even 
when the renal arteries have been tied, These experiments 
have, however, been subjected to considerable criticism, and 
some observers have failed to obtain the same result. It is 
a subject of so great importance that it demands complete 
re-investigation. 





The Work done by the Kidney. 


Recent work by Starling, Hamburger, Dreser, and others has 
shown the great importance a proper study of osmosis in the 
body has in the understanding of many physiological facts, 

‘The subject is by no means a simple one, but the following 
account of its bearing on urinary secretion (abstracted from 
Starling) will not lead us into anything very abstruse. 

We have already seen that the urine is separated from the 
blood by a process which ix not the simple one called filtration. 
This is further supported by the fact that it is possible to 
measure the work of the kidney, and it is found to be 
greater than could be carried out by the intracapillary bl 
pressure. The following facts will also teach us that real 
of water cannot, as Ludwig held, take place in the tubules, 
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“The measurement of the work done by the kidney deponds 
upon a determination of thé respective omotie pressures of the 
‘urine and blood plisma. 

"If a bladder containing strong salt solution is placed in a vessel 
of distilled water, water passes into the bladder by osmosis, so that 
the bladder is ewollen, and s manometer connected with its interior 
‘will show a rise of pressure (osmotic pressure). But’ the total rise 
of pressure cannot be measured in this way for two reasons > 
(1) because the salt diffuses out as the 
water diffuses in; and (2) because the 
membrane of the bladder leaks; that 
ig, permits of filtration when the pres- 
sure within it has attained a certain 
height, 

Tt is therefore necessary to use a 
membrane which will not allow salt to 
‘pass out cither by dialysis or filtration, 
though it will let the water pass in, 
Such membranes are called semi- 
permeable mombranes, and one of the 
best of these is ferrocyanide of copper. 
‘This may be made by taking a cell of 
porous earthenware and washing it out 
first with copper sulphate and then 
with potassium ferrocyanide. An in- 
soluble precipitate of copper ferro- 
eyanide is thus deposited in the pores 
of the earthenware. 

If such a cell is arranged as in 
fig. 428, and filled with a 1 per cent. 
solution of sodium chloride, water 
diffuses in, till the pressure registered 
by the manomoter reaches the enormous 
height of 5000 millim. of mercury. 
If the pressure in the cell is in- 
creased beyond this artificially, water 
will be pressed through the semi-permeable walls of the cell and 
the solution will become more concentrated. 

Tn other words, in order to make a solution of sodium 
chloride of greater concentration than 1 per cent., a pressure 
Greater than 5000 mm. of mercury must be employed. The 
osmotic presaure exerted by a 2 per cent. solution would be twice 
as great. s 

Tt is, moreover, found that the osmotic pressures of various 
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wolutions depend merely on the number of molecules 


pressure is, 
substance would exert if it occupied the same space in 
of a gas. The oxmotic pressure, however, of substances like sodium 
chloride which are electrolytes, is double what one would 
this is because each molecule in solution is split into its 
ions, sodium and chlorine, 

Hence, if the osmotic pressures of blood plasma and urine are 

determined, the work done by the kidney cells in order to separate 
from the blood plasma a fluid with the osmotic pressure of the 
urine, can be estimated, 
We may take some examples from Dreser's work. He took 
the case in which 200 c.c, of urine were excreted during a night; 
the blood plasma in this case had an osmotic pressure = 0°92 
per cent. solution; while that of the urine was = 40 per cent. 
solution of sodium chloride. In this case the kidney had per- 
formed 37 kilogramme-metres of work. In another case of more 
concentrated urine obtained from a cat previously deprived of 
water for three days, the numbers were respectively 11 and 8:0, 
The difference was equal tom pressure of 498 metres of water 
so that the kidney had separated urine from the blood against 
4 pressure of 49,800 grammes per square centimetre, a force 
about six times greater than the maximum force of muscle. 















The actual method of arate A osmotic pressure it not by means of a 
manometer as in the diagram, but by certain indirect met) ‘The one 
usually employed depends on the fact that the freezing Point of wantin 
of any substance in water is lower than that of water; the 
freezing point is proportional to the molecular concentration of the Ee 
substance, and that as we bave seen is proj ee to the oamotie — 
The grammé-molecule is the number of grammes corresponding to 
molecular eon the pane mole we weight of ae 
is grammes (Na=23; 35°37), and of r r 
Pet itlias etter ance th any whan fe dae whee 
of water, the freezing point is lowered by 1°87" C., and the cen pressure 
{8 16,963 mm. of mercury. From thi we can calculate the osmotic pressure 
of any solution if we know the lowering of its freezing point, 


pete eo Lat atts 


For example, a 1 per cent, solution of ad would freee at — o052" C, * 
"052 x 16,963 


Its osmotic pressure is therefore ———y. = 472 mm. of mercury. 


‘The osmotic pressure of solutions may also be compared by observing their 
effect on red blood corpuscles, or on vegetable cells such as those in Trades 
cantina. If the solution is hypertonic, i.¢, has a greater osmotic pressure than 
the cell contents, the protoplasm shrinks, and loses water, or if red 
are used, they become cremated : if the solution is A; wypetonte, ie, has @ less 
osmotic pressure than the material within the cell-wall, no shrinking of the 


Osmotic presture = 
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protoplasm in the vegetable cell takes place, and if red corpuscles are 

‘they swell Trell and Heerate thelt ent, Jevtonie solutions produoe neith a 
these effects, because they tae the samo’ teleotlar SSnentration aad 
Hesiisiprabery vt ieaterial eta the oell-wall. 


Extirpation of the Kidneys. 

Extirpation of one kidney for various diseases (stone, &c.), is a 
by no means uncommon operation. It is not followed by any 
untoward result. The remaining kidney enlarges and does the 
work | previously shared between the two. 

Extirpation of both kidneys is fatal ; the urea, &e., accumulate 
in the blood, and the animal dies in a condition of deep coma 
preceded by convulsions (urmmin). See p. 552. 

Ligature of both renal arteries practically amounts to the same 
thing as extirpation of the kidneys, and Jeads to the same result. 
If the ligature is released the kidney once more sets to work, but 
the urine seereted is then albuminous, owing to the epithelium 
having been impaired by being deprived for a time of its normal 
blood supply. 

Removal of one kidney, followed at a later period by removal 
of a half or two-thirds of the other, leads in dogs, in which the 
operation has been performed by Bradford, to a surprising result. 
After the second operation the urine is increased in amount, and 
the quantity of urea is much greater than normal. This comes 
from a disintegration of the nitrogenous tissues; the animal 
wastes rapidly and dics in a few weeks, It is thus evident that 
the kidneys play an important part in nitrogenous metabolism 
apart from merely excreting waste substances, The exact 
explanation has still to be found, but it is possible that the 
Kidney, like the pancreas and liver, and many ductless glands, 
forms an internal secretion (see p. 493). 


The Passage of Urine into the Bladder. 


As each portion of urine is secreted it propels that which is 
already in the uriniferous tubes onwards into the pelvis of the 
kidney. Thence through the ureter the urine passes into the 
bladder, into which its rate and mode of entrance has been 
watched in cases of ectopia vesica, we. of such fissures in the 
anterior and lower part of the walls of the abdomen, and of the 
front wall of the bladder, as expose to view its hinder wall 

with the orifices of the ureters. The urine does not 
enter the bladder ut any regular rate, nor is there a synchronism 
in its movement through the two ureters. During fasting, two 
or three drops enter the bladder every minute ; each drop as it 
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Sa bod foes paler only ebough Sp ene eee 
opens, and then passes sli through its orifice, wl 

again closes like a sphincter. In the recumbent posture, the 
urine collects for a little time in the ureters, then flows gently, 
and, if the body is raised, runs from them in a stream till they 
are empty. Has Bere olded by the perietalts neers 
ureters, and is increased in deep inspiration, or by straining, and 
in active exercise, and in fifteen or twenty minutes after a meal. 
The urine is prevented from regurgitation into the ureters by 
the mode in which these pass through the walls of the bladder, 
namely, by their lying for between half and three-quarters of an 
inch between the muscular and mucous coats before they turn 
rather abruptly forwards, and open through tho Intter into the 
interior of the bladder. 







Micturition. 


The contraction of the muscular walls of the bladder may 
by itself expel the urine with little or no help from other 
muscles. In so far, however, as it is a voluntary act, it is 
performed by means of the abdominal and other ex) 
museles, which in their contraction press on the abdominal 
viscera, the diaphragm being fixed, and cause the expulsion 
of the contents of those whose sphincter muscles are at the 
same time relaxed. The musoular coat of the bladder co-operates, 
in micturition, by reflex involuntary action, with the abdominal 
museles ; and the act is completed by the accelerator wrina, 
which, as its name implies, quickens the stream, and expels the 
Jast drop of urine from the urethra. The act, so far as it is not 
directed by volition, is under the control of a nervous cenére in 
the lumbar spinal cord, through which, as in the case of the 
similar centro for defwcation, the various muscles concerned 
are harmonised in their action, It is well known that the act 
may be reflexly induced, ¢.g. in children who suffer from intestinal 
worms, or other such irritation. Generally the afferent impulse 
which calls into action the desire to micturate is excited by over 
distension of the bladder, or even by a few drops of urine passing 
into the urethra, The impulse passea up to the lumbar centre 
and produces on the one hand inhibition of the sphincter and on 
the other hand contraction of the necessary muscles for the 
expulsion of the contents of the bladder. The tonic action of 
the lumbar centre can also be inhibited by the will. 

‘The bladder receives nerves from two sources :—(1) from the 
Jower dorsal and upper lumbar nerves; these fibres pass to the 
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sym chain, from here to the inferior mesenteric gang- 
lion, and ultimately reach the bladder by the hypogastric nerves. 
‘Stimulation of these nerves causes contraction of the circular 
fibres of the bladder, including the sphincter; (2) from the 
second and third sacral nerves; these run to the bladder by the 
nervi erigentes. Stimulation of these nerves causes relaxation 
of the sphincter and contraction of the detrusor urinm. (Zeisel.) 
Langley and Anderson find however that stimulation of both sets 
of nerves causes contraction of both longitudinally and circularly 
arranged muscle bundles. 





CHAPTER XXXYII. 
THE URINE. 


‘Quentity.—A man of average weight and height passes from 
1,400 t 1,600 c.c., or about 50 o« daily. This contains about 
50 grammes (r4 oz.) of solids, For analytical purposes it should 
be collected in a tall glass vessel capable of holding 3,000 o,c,, 
which should have a smooth-edged neck accurately covered by a 
groand-glass plate to exclude dust and prevent evaporation. The 
vessel, moreover, should be graduated so that the amount may 
be easily read off. From the total quantity thus collected in the 
twenty-four hours, samples should be drawn off for examination. 

Colour.—This is some shade of yellow which varies consider- 
ably in health with the concentration of the urine, It is due to 
a mixture of pigments ; of these urobilin is the one of which we 
have the most accurate knowledge. Urobilin has a reddish tint 
and is undoubtedly derived from the blood pigment, and, like 
bile pigment, is an iron-free derivative of hemoglobin, The 
theory usually accepted concerning its mode of origin is that bile 
pigment is in the intestines converted into stercobilin ; that most 
of the stercobilin leaves the body with the feces; that some is 
reabsorbed and is excreted with the urine as urobilin. Both 
stercobilin and urobilin are very like the artificial reduction pro- 
duct of bilirubin called hydrobilirubin (see p. 504). Normal 
urine, however, contains very little urobilin. The actual body 
present is a chromogen or mother substance called urobilinogen, 
which by oxidation, for instance standing exposed to the air, is 
converted into the pigment proper. In certain diseased conditions 
the amount of urobilin is considerably increased. 

The most abundant urinary pigment is a yellow one, named 

wad 
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wrockrome, It shows no absorption bands, It is probably an 
oxidation product of urobilin. (Riva, A. E. Garrod.) 

Reaction.—The reaction of normal urine is acid, This is not 
due to free acid, as the uric and hippuric acids in the arine are 
combined a8 urates and hippurates respectively. The acidity is 
due to acid salts of which acid sodium phosphate is the most 
tant. Under certain circumstances the urine becomes less scid 
and even alkaline ; the most important of these are a8 follows :-— 

t. During digestion, Here there is a formation of free acid in 
the stomach, and a corresponding liberation of bases in the blood, 
which, passing into the urine, diminish its acidity, or even render 
it alkaline, This is called the alkaline tide; the opposite condition, 
the acid tide, occurs after a fast-—for instance, before breakfast. 

2. In herbivorous animals and vegetarians. The food here 
contains excess of alkaline salts of acids like tartaric, citric, malic, 
ke. These acids are oxidised into carbonates, which passing into 
the urine give it an alkaline reaction. 

Specific Gravity.—This should be taken in « sample of ihe 
twenty-four hours’ urine with a urinomever. 

The specific gravity varies inversely as the quantity of urine 
passed under normal conditions from rors to 1025. A specific 
gravity below 1oro should excite snspicion of hydroria ‘one 
over 1030, of a febrile condition, or of diabetes, a disease in which 
it may rise to roso. The specific gravity has, however, been 
known to sink ns low as 1002 (after large potations, wrina potua), 
or to rise ns high ax 1o35 (after great sweating) in perfectly 
healthy persons. 

Composition.—The following table gives the average amounts 
of the urinary constituents passed by a man in the twenty-four 
hours :— 
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The most abundant constituents of the urine are water, urea, 
and sodium chloride. In the foregoing table one must not be 
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misled by seving the names of the weids and metals separated. 
The acids and the bases are combined to form salts, such as 
urates, chlorides, sulphates, phosphates, ko. 


Urea, 


Urea, or Carbamide, CO(NH,), is isomeric (that is, has the 
same empirical, but not the same 
structural formula) with ammo- 
nium cyanate (NH,) CNO, from 
which it was first prepared syn- 
thetically by Wohler in 1828, 
Since then it has been prepared 
synthetically in other ways. 
Wohler’s observation derives in- 
terest from the fact that this 
was the first organic substance 
which was propared synthetically 
by chemists. 

When crystallised out from 
the urine it is found to be readily Pig. 429.—Crpatala of Urea 
soluble both in water and alcohol: 
it hag a saltish taste, and is neutral to litmus paper. The form 
of its crystals is shown in fig, 429. 

When treated with nitric acid, nitrate of urea (CO. 
is formed ; this erystallises in octahedra, lozenge-shi 





HLNOg) 
tablets 








Wig. 4j0.—Cryvtale of Uren nitrate. Pig. 451-—-Cryxtale of Uren oxalate, 


or hexagons (fig. 430). When treated with oxalic acid, fat or 
prismatic crystals of urea oxalate (CON,H,.HyC,0,+ Hy) are 
formed (fig. 431). 

‘These crystals may be readily obtained by adding excess of the 
Tespective acids to urine which has been concentrated to a third 
or a quarter of its bulk. 

Under the influence of an organised ferment, the torula or 
micrococetis urea, which grows readily in stale urine, urea 
takes up water, and is converted into ammonium carbonate 
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(CON,H,+ 2HyO =(NH,)yCOg). Hence the ammoniacal odour of 
putrid urine, eat 

By means of nitrons acid, urea is broken up into earbonic acid, 
water and nitrogen, CONgH,-+ 2HNOg=C0g+ 3Hy04-2Nq. The 
evolution of gas bubbles which takes place on the addition of 
fuming nitric acid may be used as a test for urea. 

Hypobromite of soda decomposes urea in the following 
way :— . 


CON, + 3NaBrO = CO. + Ny + 2HgO + 3Nubr 
[Ure) byioealtey peril Nitrogen) | Water) K 


‘This reaction is important, for on it ove of the peadiest methods 
for estinuting urew depends, There have been various pieces of 
apparatus invented for rendering the analysis easy; but the one 
described below is the best, If the experiment is performed ax 
directed, nitrogen ix the only gas that comes off, the carbonic 
acid being absorbed by excess of soda. The amount of nitrogen 
ig & meusure of the amount of urea. 


Dupré's apparatos (fig. 432) consists of a bottle (A) united to a measuring 
tubo by tndisrubber tality” The measuring tube (C) is placed within » 
cylinder of water (D), and can be raised and lowered at will, Measure 
3 cx. of alkaline solution of sodium hypobromite (made by mixing 2c 
of bromine with 23 cc, of a 40 per cent, solution of caustic soda) into the 
bottle A. Measure § oc. of urine into a small tube (B), and lower it care- 
fully, # that no urine spills, into the bottle. Close the bottle securely with: 
a stopper perforated by n glass tube ; this glass tube (the bulb blown on this 
‘tube prevents froth from Paming into the rest of the Le is connected 
to the measuring tube by indiarubber tubing and a ui jece. The third limb 
of the T-piece Is closed by a piece of indiarubber tubing and a pinch-cock, 
seen at the top of the figure. Open the pinch-cock and lower the measurii 
tube nntil the surface of the water with which the outer eylinder is filled is 
at the nero point of the graduation, Close the pinch-cock, and raise the 
measuring tube to ascertain if the apparatus is air-tigl Then lower it 
again. Tilt the bottle A so as to upset the urine, and shake well for a minute 
or so, Daring this time there is an evolution of gas. Then immersethe bottle 
ina large beaker containing water of the same temperature ns that in the 
cylinder. After two or three minutes raise the measuring tube until the 
surfaces of the water inside and outside it are at the same level. Read off 
the amount of gas (nitrogen)evolved. 35"4 cc, of nitrogen are yielded 
o'1 gramme of urea. From this the quantity of urea in the § e.cof urine 
the percentage of urea can be calculated. If the total urea 
twenty-four hours is to be ascertained, the twenty-four hours’ urine must be 
carefully measured and thoroughly mixed, A sample ia then taken from 
the total for analysis; and then, by a simple sum in proportion, the total 
amount of urea is sécertained, Sometimes the measuring tubes supplied with 
this apparatus are graduated in divisions corresponding to beers 2 urea, 
Another method (Liebig’s) of estimating urea in urine is the fi = 
Take 4o ¢.c. of urine ; add to this 20 cc. of taryta mixture (two volumes of 
barium hydrate and one of barium nitrate, both saturated in the cold), Milter 
off the precipitate of barium phosphate and sulphate which ix formed, Take 
15 ce. of the filtrate (this corresponds to 10 ¢.c, of urine) ina beaker, Htwn 
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ae hypobaomles and Liebig's method give 
r identical results; the former & the 
and the results are sufficiently 
termination can be best 


lowing: ts, ke, are 
wanted :—¢i,) A saturated solution of bariwm 
chloride containing 5 por cent, of barium 


ing 
hydrate; Gi) A abt septal and ‘and ether 
the proportion 2:1; 

pA necemary for carrying ont eendants 
method of wting nitrogen. § c.c. of urine 
are mixed with 5 c.c. of the ium mixture, 
and ad cc. the ether-alcohal mixture, 
By this seane all } nitrogenous subatanoas ox- 
opt urea ‘wenty-four hours 
ter this is is ia dltcel ot ‘and the precipitate is 
rash ith s0 eo, of the ether-alcohol mix- 
tare. The washings mre added to the filtrate, 
and & little magnesia is added to drive off 
amon ‘The fluid is then evaporated down 
it 55° 0. until its volame is about ro cc. and 
‘nitrogen. in this catimated: by Kjeldahl's 
motbod. The nitrogen found is multiplied 
by 2143, and the result is the amount of the 

urea. 


Kjeldahl's method of estimating nitrogen 
consists in boiling the material under investign- 
tion with strong gue uparie acid. The nitrogen 
present is means converted into 
ammonia, Boasot soda is then added, and 
the ammonia distilled over into a known 
Yoliume of standard acid. The amount of 
diminution of acidity in the standard enables 
one to calculate the amount of ammonia, and thence the amount of 
nitrogen, 

‘The quantity of urea is somewhat variable, the chief cause 
of variation being the amount of proteid food ingested. Ina 
man in # state of equilibrium the quantity of urea secreted daily 
is about 33 to 35 grammes (500 grains). ‘I'he normal percentage in 
humun urine is 2 per cent. ; but this also varies, because the con- 
centration of the urine varies considerably in health. In dogs it 
may be ro per cent. The excretion of urea is usually at a 
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maximum three hours after a meal, 

proteids, The urea does uot come, however, direct 

the food must be first assimilated, and become part of the 
before it can break down to form urea, asia eae Jaca 
is to be found in the ease of the amido-acids, 

and arginine (see p. 438), which aro formed in the intestinal ¢ 

from proteids during digestion. These substances are carried to” 
the liver, and there converted into urea; but only a very 
fraction of the urea in the urine is formed in this way. 
inoréases the elimination of urea because it stimulates the tissues 
to increased activity ; their waste nitrogenous products are con- 
verted into urea, which, passing into the blood, is directly excreted 
by the kidneys. The greater the amount of proteid food given, 
the more waste products do the tissues discharge from their 
protoplasm, in order to make room for the new proteid which is 
built into its substance. - 

Muscular exercise has little immediate effect on the amount of 
urea discharged. In very intense muscular work there is a slight 
immediate increase of urea, but this is quite insignifieant when 
compared to the increase of work. This is strikingly different 
from what occurs in the case of carbonic acid; the more the 
museles work, the more carbonic acid do they send into the 
venous blood, which is rapidly discharged by the expired ay 
Recent careful research has, however, shown that an increase of 
nitrogenous witste does occur on muscular exertion, but aj 
as urea in the urine to only a slight extent on the fay hee 
work ; the major part is excreted during the next day. 

Where is Urea formed ?—The older authors considered 
that it was formed in the kidneys, just as they also erroneously 
thought that carbonic acid was formed in the lungs. Prévost 
and Dumas were the first to show that after complete extirpation 
of the kidneys the formation of urea goes on, and that it accu- 
mulates in the blood and tissues. Similarly, in those cases of 
disease in which the kidneys cease work, urea is still formed and 
accumulates. This condition is called uremia (or urea in the 
blood), and unless the urea be discharged from the body the 
patient dies. There is no doubt, however, that it is not area 
but some antecedent of urea that acts most poisonously, and is 
the cause of death. 

Where, then, is the seat of urea formation! Nitrogenous 
waste occurs in all the living tissues, and the principal final 
result of this proteid metabolism is urea. It may not be that 
the formation of urea is perfected in each tissue, for if we look to 
the most abundant tissue, the muscular tissue, urea is absent, or 
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nearly so, Yet there can be no doubt that the chief place from 
which urea ultimately comes is the muscular tissue. Some inter- 
modiate step occurs in the muscles ; the final steps occur elsewhere. 

In muscles we find a substance called creatine in fairly large 
quantities. If creatine is injected into the blood it is discharged 
a8 creatinine. But there is very little creatinine in normal 
urine; what little there is can be nearly all accounted for by the 
creatine in the food ; the muscular creatine is discharged as urea ; 
moreover, urea can be artificially obtained from creatine in the 


laboratory. 

Similarly, other cellular organs, spleen, lymphatic glande, 
secreting glands, participate in the formation of urea; but the 
most important appears to be the liver: this is the organ where 
the final changes take place. ‘The urea is then carried by the 
blood to the kidney, and is there excreted. 

The facts of experiment and of pathology point very strongly 
in support of the theory that urea is formed in the liver. The 
principal are the following :— 

1. After removal of the liver in such animals as frogs, urea 
formation almost ceases, and ammonia is found in the urine 

2. Iv mammals, the extirpation of the liver is such a severe 
operation that the animals do not live. But the liver of 
mammals can be very largely thrown ont of gear by connecting 
the portal vein directly to the inferior vena cava (Eck's fistula), 
This experiment has been done successfully in dogs ; the amount 
of urea in the urine is lessened, and its place is taken by 
ammonia. 

3. When degenerative changes occur in the liver, as in 
ctrrhosis of that organ, the urea formed is much lessened, and 
its place ig taken by ammonia. In acute yellow atrophy urea is 
almost absent in the urine, and, again, there is considerable 
increase in the ammonia. In this disease leucine and tyrosine 
are also found in the urine ; undue stress should not be Jaid upon 
thiss latter fact, for the leucine and tyrosine doubtless originate 
in the intestine, and, escaping further decomposition in the 
degenerated liver, pass as such into the urine. 

We have to consider next the intermediate stages between 
proteid and urea. A few years ago Drechsel succeeded in arti- 
ficially producing urea from casein. More recent work has shown 
that this is true for other proteids also. If a proteid is decom- 
posed by hydrochloric acid, a little stannous chloride being added 
to prevent oxidation, a number of products are obtained, such as 
ammonium salts, leucine, tyrosine, aspartic, and glutaminic acids, 





i rate precipitable by 

ese is called lysine (CgHyNyOy probably. di 
acid); the other was first called dysatinine. zc a showed 
that lysatinine is a mixture of lysine with another base called 
arginine (CgH\N,Oy) ; it is from the arginine that the urea comes: 
in the experiment to be next described. Arguing from some 
resemblances between this substance and creatinine, Drechsel 
expected to be able to obtain urea from it, and his 
was confirmed by experiment. He took a silver compound of 
the base, boiled it with barium carbonate, and after Kiratgtys 
minutes’ boiling obtained urea. 

It is, however, extremely doubtful whether the chemical ideoom 
positions produced in laboratory experiments on proteids are 
comparable to those occurring in the body. Many physiologists 
consider that the amido-acids are intermediate stages in the meéta- 
bolic processes that lead to the formation of urea from 4 
We have already alluded to this question in relation to the creatine 
of muscle, and we are confronted with the difficulty that injection 
of creatine into the blood leads to an increase not of urea, but of 
creatinine in the urine, If creatine is an intermediate step, it must 
undergo some further change before it leaves the muscle, Other 
amido-ncids, such as glycocine (amido-acetic acid), leucine (amido- 
caproic acid) and arginine are probably to be included in the 
same category ; there is, however, no evidence that tyrosine nets 
in this way. ‘The facts upon which such a theory depends are 
(1) that the introduction of glycocine or leucine into the bowel, 
or into the circulation, Jeads to an increase of area in the urine 5 
and (2) that amido-acids appear in the urine of patients suffering 
from acute yellow atrophy of the liver, Then, again, it is per- 
fectly true that, in the laboratory, urea can be obtained from 
creatine, and also from uric acid, but such experiments do not 
prove that creatine or uric acid are normally intermediate pro- 
ducts of urea formation in the body. Still, if we admit for the 
sike of argument that amido-acids are normally intermediate 
stages in proteid metabolism, and glance at their formule— 


























Glycocine, CyHsNOw 
Leucine, CgHigNOy 
Creatine, CyHyNyOg, 


we see that the carbon atoms are more numerous than the 
nitrogen atoms, In urea, CON H,, the reverse is the case, ‘The 
amido-acids must therefore be split into simpler compounds, 
whieh anite with one another to form urea Urea formation 
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is thus, in part, synthetic. There have been various theories 
advanced ax to what these simpler compounds are. Some have 
considered that cyanate, others that carbamate, and others still 
that carbonate of ammonium is formed. Schréder’s work, which 
has been confirmed by subsequent investigators, proves that 
ammonium carbonate is one of the urea precursors, if not the 
prineipal one. The equation which represents the reaction is 


as follows:— 
(NH,)gCOg — 2HyO = CONH, 
Ammonium ©" TWater] (Ura 


‘Schrikter's principal experiment was this : a mixture of blood and 
ammonium carbonate was injected into the liver by the portal 
vein ; the blood lenving the liver by the hepatic vein was found 
to contain urea in great abundance. This does not ocour when 
the same experiment is performed with any other organ of the body, 
0 that Schréder’s experiments also prove the great importa 
of the liver in urea formation. 

There is, however, no necessity to suppose that the fofmatiog 
of amido-acids is a necessary preliminary to urea formation. The 
conversion of the leucine and arginine formed in the intestine 
into ammonium salts and then into urea does certainly occur, but 
this only accounts for quite an insignificant fraction of the urea 
in the urine, If this also occurs in tissue metabolism, we ought 
to find considerable quantities of Ieuciné, glycocine, creatine, 
arginine, and such substances in the blood, leaving the various 
tissues and entering the liver ; but we do not. We do, however, 
constantly find ammonia which, after passing into the blood or 
lympb, has united with carbonic acid to form either carbonate 
or carbamate of ammonium. It is quite probable that the nitro- 
genous waste that leaves the muscles and other tissues is split off 
from them as ammonia, and not in the shape of large molecules 
of amido-acid, which are subsequently converted into ammonia. 
The experiments outside the body which most closely imitate 
thowe occurring within the body are those of Drechsel, in which 
he passed strong alternating currents through solutions of 
proteid-like materials. Such alternating currents are certainly 
absent in the body, but their effect, which is a rapidly changing 
series of small oxidations and reductions, are analogous to meta- 
bolic processes ; under such circumstances the carbon atoms are 
‘burnt off as carbon dioxide, and the nitrogen is split off in the 
form of aramonia; by the union of these two substances ammonium 
carbonate is formed. 

The following structural formule exhibit the relationship 
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between ammonium carbonate, ammonium carbamate and ureal 
‘The loss of one molecule of water from ammonium carbonate 
produces ammonium carbamate ; the logs of a second molecule of 
water produces urea— 
_ oc ON, Sony NH. 
O=C<6 NH, 0=C<o NH, O=C<yH, 
(Ammonium carbonate) (Ammonium carbamate) (Uren or oarbamide). 


Urie Acid. 


Uric Acid (C;N,H,0,) is, in mammals, the medium by which 
a very small quantity of nitrogen is excreted from the body. It 
is, however, in birds and reptiles the principal nitrogenous eon- 
stituent of their urine. It is not 
present in the free state, but is 
combined with bases to form 
urates, 

Tt may be obtained from human 
urine by adding 5 ec. of bydro- 
chlorie acid to 100 cc, of the 
urine, and allowing the mixture to 
stand for twelve to twenty-four 
hours. The crystals which form 
are deeply tinged with urinary 
pigment, and though by repeated 
solution in caustic soda or potash, 
Fig. 439-—Various fonns of uric acid and precipitation by hydrochloric 

Me acid, they may be obtained fairly 
free from pigment, pure uric acid is more readily obtained from 
the solid urine of a serpent or bird, which consists. principally 
of the acid ammonium umte. This is dissolved in soda, and 
then the addition of hydrochloric acid produces as before the 
crystallisation of uric acid from the solution. 

The pure acid erystallises in colourless rectangular plates or 
prisins. In atriking contrast to urea it is a most insoluble sub- 
stance, requiring for its solution 1,900 parts of hot and 15,000 
parte of cold water. The forms which uric acid assumes when 
precipitated from human urine, either by the addition of hydro- 
cbloric acid or in certain pathological processes, are very various, 
the most frequent being the whetstone shape; there are also 
bundles of crystals resembling sheaves, barrels, and dumb-bells 
(see fig. 433). 7 

The murexide test is the principal test for uric acid. ‘The test 
jas received tle name on account of the resemblance of the colour 
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to the purple of the ancients, which was obtained from certain 
snails of the genus Murex. It is performed as follows: place a little 
uric acid or a urate in a capsule; add a little dilute nitric acid 
and evaporate to dryness. A yellowish-red residue is left. Add 
a little ammonia carefully, and the residue turns violet; this is 
due to the formation of purpurate of ammonia, On the addition 
of potash the colour becomes bluer. 

Another reaction that urie acid undergoes (though it is not 
applicable as a test) is, that on treatment with certain oxidising 
reagents urea and oxalic acid can be obtained from it. Alloxan 
(CiHNgO,) or allantoin (CyHgN,Og) are intermediate products, 
It is, however, doubtful whether a similar oxidation occurs in the 
normal metabolic processes of the body. 

Uric acid is dibasic, und thus there are two classes of urates— 
the normal urates and the acid urates. A normal urate is one in 
which two atoms of the hydrogen are replaced by two of a monad 
metal like sodium ; an acid urate is one in which only one atom 
of hydrogen is thus replaced. The formule would be— 

C,H{N,0,=urie acid. 
CyHyNaN 0 =acid sodium urate. 
CH NagN,Og=normal sodium urate. 


The acid sodium urate is the chief constituent of the pinkish 
deposit of urates, which often occurs in urine, and is called the 
lateritious deposit. 

‘The quantity of uric acid excreted by an adult varies from 7 to 
ro grains (05 to 0°75 gramme) daily. 

‘The best method for determining the quantity of uric acid in 
the urine is that of Hopkins, Ammonium chloride in crystals is 
added to the urine until no more will dissolve. Thix saturation 
completely precipitates all the uric acid in the form of ammo- 
nium urate, After standing for two hours the precipitate is 
collected on a filter, washed with saturated solution of ammonium 
chloride, and then dissolved in weak alkali. From this solution 
the uric acid is precipitated by neutralising with hydrochloric 
acid. The precipitate of uric acid is collected an a weighed filter, 
dried, and weighed ; or the crystals may be dissolved in sodium 
earbonate solution, and titrated with standard solution of potas- 
sium permanganate, until a diffused pink flush appears throughout 
the solution. 

Origin of Uric Acid. —Uric acid is not made by the kidneys. 
When the kidneys are removed uric acid continues to be formed 
and accumulates in the organs, especially in the liver and spleen. 
The liver has been removed from birds, and uric acid is then 
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hardly formed at all, its place being taken by ammonia and lactic 
acid, It is therefore probable that. ammonia and lactic acid are 
normally synthesised in the liver to form uric acid. 

‘The chief conditions which lead to an increase of uric acid are >— 

1. Increase of meat diet and diminution of oxidation processes, 
such as ocour in people with sedentary habits. 

2. Pathological conditions allied to gout, 

3. Increase of white corpuscles in the blood, especially in the 
disease known as Jeucocythemia. ‘This latter fact is of great 
interest, as leucocytes contain large quantities of nuclein. Nuclein 
yields nitrogenous (purine) bases (adenine, hypoxanthine, &e.), 
which are closely related to urie acid. 


‘The close relationship of the purine bases to uric acid has been elearly 
demonstrated by the work af Emil Fischer, for they are all derivatives of the 
substance called purine. The names and formule of these substances are as 





Hyposso hae {osinox¥-poria}si-s's 9) VLAN 

iypoxanthine (monoxy-purine) . ys AN 
Xanthine (dioxy-purin)) |. CQEAN 

Porine te | tamino-purine).c), kl) ss CoB 
Guanine {amino-oxy purine) ..' . |. . GHyN,O.NH 


+ CoH NOs 


Leaving aside other possible ways in which uric acid is undoubtedly formed 
in the organism, we have here a way in which uric reid may arise by oxida- 
tion from the nuclein bases and thus ultimately from the nuclet of cells 
Certain forms of «diet increase uric acid formation by leading to an increase 
of leucocytes and consequently increase in the metabolism of their nucle’ 
some investigators think, however, that the increase is chiefly due to niclein 
in the food. The question is not yet settled. a 


Urie acid (trioxy-purine) 


Hippuric Acid. 


Hippuric Acid (CyHyNO,), combined with bases to form 
hippurates, is present in small quantities in, human urine, but in 
large quantities in the urine of herbivora. ‘This is due to the 
food of herbivora containing substances belonging to the aromatic 
roup—the benzoic acid series, If benzoic acid is given to a 
mat, it unites with glycocine with the elimination of a molecule 
of water, and is excreted as hippuric acid— 





CH.N 
CyH,.COOH + | 

CooH COOH 
(enzoie acid) {@yeseine} (Hippuric acid) 


CH NH.CO.CyHy 
+ H,0 





(Water). 








T 


is is a well-marked instance of synthesis carried ont im the 
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animal body, and experimental investigation shows that it is 
accomplished by the living cells of the kidney itself; for if a 
mixture of glycocing, benzoic acid, 
and blood is injected through the 
kidney (or mixed with a minced 
kidney just removed from the 
body of an animal), their place 
is found to have been taken by 
hippuric acid. 


Creatinine, 


The creatinine in the urine 
is nearly all derived from the 
creatine contained in the meat 
of the food. There is, however, © pug. 454.—Crystals of hipparte acid, 
small amount in the urine even 
during starvation: this possibly represents a small percentage 
of creatine from the muscles. 

‘The formation of creatinine from creatine is represented in the 
following equation :— 

CjHNjOy — HyO = CYH,N,O 
(Creatine) [Water} _[(Crentinine). 





Creatine and creatinine are of considerable chemical interest, 
because urea can be obtained from them as one of their decom- 
position products in the laboratory ; the equation which represents 
the formation of urea from creatine is as follows :— 

O,HN,0y + Hy0 = CON,H, + CyH,NO, 

[Creatine] (Water) (Urea) [Sareoxine} 

The second substance formed is sarcosine, Sarcosine is methyl- 
glycocine—that is, amido-acetic acid in which one H is replaced 
by methyl (CH,) 
NH.CH, 


OHa< COOH. 


It is, however, doubtful whether decompositions of this kind 
occur in the body, 

Creatinine with sine chloride gives a characteristic crystalline 
precipitate (groups of fine needles) with composition 

CH,N,0.2ZnCly. 

According to the recent researches of G, S. Johnson, urinary 
creatinine, though isomeric with the creatinine obtained arti- 
ficially from the creatine of flesh, differs from it in some of 


the reducing action on Febling’s solution and picric acid of normal 
urine is due to sugar, whereas it is really chiefly due to creatinine. 
The readieat way of separating creatinine from urine is the 
following :—To the urine a twentieth of its volame of « saturited 
solution of sodium acetate is added, and then one-fourth of its 
volume of a saturated solution of mercuric chloride: this pro- 
duces an immediate abundant precipitate of urates, sulphates, 
and phosphates, which is removed by filtration; the filtrate is 
then allowed to stand for twenty-four hours, when the precipitation 
of a meroury salt of creatinine (C,H;HgNgOHC)) (HgCla)y + 2Hs0 
oceurs in the form of minute spheres, quite typical on microscopic 
examination. This compound lends itself very well to quantita- 
tive analysis. It may be collected, dried, and weighed, and 
one-fifth of the weight found is creatinine. Creatinine may be 
obtained from it by suspending it in water, decomposing it 
with sulphuretted hydrogen, and filtering. The filtrate deposits 
creatinine hydrochloride, from which lead hydrate liberates 
creatinine, Animportant point in Johnson's process is that all the 










operations are carried out in the cold ; if heat is applied one obtains 
the creatinine of former writers, which has no reducing power. 


The Inorganic Constituents of Urine. 

The inorganic or mineral constituents of urine are 
chlorides, phosphates, sulphates, and carbonates ; the metals wi 
which these are in combination are sodium, potassium, ammonium, 
calcium, and magnesium. The total amount of these salts varies 
from 19 to 25 grammes daily. The most abundant is sodium 
chloride, which averages in amount ro to 16 grammes per diem. 
These substances are derived from two sources—first from the 
food, and secondly as the result of metabolic processes. The 
chlorides and most of the phosphates come from the food ; the 
sulphates and some of the phosphates, as a result of metabolism. 
‘The salts of the blood and of the urine are much the same, with 
the important exception that, whereas the blood contains only 
traces of sulphates, the urine contains abundance of these salts. 
The sulphates are derived from the changes that occur in the 
proteids of the body; the nitrogen of proteids leaves the body 
as urea and uric acid; the sulphur of the proteids is oxidised to 
form sulphuric acid, which passes into the urine in the form 
of sulphates. The excretion of sulphates, moreover, runs parallel 
to that of urea. 
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Chlorides.—The chief chloride is that of sodium. The inges- 
tion of sodium chloride is followed by its appearance in the urine, 
some on the same day, some on the next day. Some is decom- 
posed to form the hydrochloric acid of the gastric juice. The 
salt, in passing through the body, fulfils the useful office of 
stimulating metabolism and secretion, 

Sulphates.—The sulphates in the urine are principally those 
of potassium and sodium. They are derived from the metabolism 
of proteids in the body. Only the smallest trace enters the body 
with the food. Sulphates have an unpleasant bitter taste (for 
instance, Epsom salts): hence we do not take food that contains 
them. ‘The sulphates vary in amount from 1°5 AL pene 

In addition to these sulphates there is a small quantity, about 

of the total sulphates, that are combined with organic 

+ these are known as ethereal sulphates, and they originate 
putrefactive processes ocourring in the intestine, The chief 

these ethereal aveee are phenyl sulphate of potassium and 
of potassium. The latter originates from the 

formed in the intestine, and as it yields indigo when treated 

h certain reagents it is sometimes called indécun, It is very 

i to remember that the indican of urine is not the same 





formation of these sulphates is somewhat important 5 the 
aromatic substances liberated by putrefuctive processes in the 
intestine are poisonous, but their conversion into ethereal 
sulphates renders them harmless. 
The equation representing the formation of potassium phenyl-salphate is 
ws follows >— 
CeH,0H + 80,<9H = 80,<8.0ells 5 Ho 
(Phenol) [Potamiarn [Potassium (Water) 
phenyl-mulphate) 
sulphate} 
Indole (CyH;N) on absorption is converted into indoxy!— 
cae GQH OH 
q i ng the formation of potassium Indoxyl-sulphate 
areata representing the format pot y! phate is 
Cy NO 4+ $0,<OH = SOC OCHS 4 10 
Undery!) (Potassium (Water). 
sulphate} 
Carbonates.—Carbonates and bicarbonates of sodium, calcium, 
jum, and ammonium are only present in alkaline urine. 
They arise from the carbonates of the food, or from vegetable 
x. 99 


indoxytealpinta} 





et 
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acids (malic, tartaric, dc.) in the food. They are, therefore, 
found in the urine of herbivora and vegetarians, whose urine is 
thus rendered alkaline. Urine containing carbonates’ becomes, 
like saliva, cloudy on standing, the precipitate consisting of 
calcium carbonate, and also phosphates. 

Phosphates,—Two classes of phosphates ocour in normal 
urine :— 

(1) Alkaline phosphates — that is, phosphates of) sodium 
(abundant) and potassiam (scanty). 

(2) Earthy phosphates—that is, phosphates of calcium (abun- 
dant) and magnesium (scanty). 





Fig. us Urinary sediment, of ‘triple Fig. 436.—-Mucun deposited trom xine: 
‘Dhmphates (large peiatuatic crys 
Wad erate of enbendatuan, tees usin 
Which tind undergone alicaline fer 
mentation. 


The composition of the phosphates in urine is liable to variation. 
In acid urine the acidity is due to the acid salts. These are 
chiefly — 

Sodium dihydrogen phosphate, NaH,PO,, and calcium dihydrogen 
phosphate, Ca(H,PO,)> 

In neutral urine, in addition, disodium hydrogen phosphate 
(NaHPO,), calcium hydrogen phosphate, CaHPO, and magnesium ” 
hydrogen phosphate, MgHPO, are found. In alkaline urine 
there may be instead of, or in addition to the above, the normal 
phosphates of sodium, calcium, and magnesium [NagPO4,Cag(PO,)a, 
Mga(PO4)s). 

The earthy phosphates are precipitated by rendering the urine 
alkaline by ammonia. In decomposing urine, ammonia is formed 
from the urea : this also precipitates the earthy phosphates. The 
phosphates most frequently found in the white creamy precipitate 
which ocours in decomposing urine are— 
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(1) Triple phosphate or ammonio-maguesium phosphate 
(NH MgPO,+6H,0), This crystallises in “ coffin-lid " crystals 
(seo fig. 435) or feathery stars, 

(2) Stellar phosphate, or calcium phosphate ; this crystallises 
in star-like clusters of prisms. 

As a rule normal urine gives no precipitate when it is boiled ; 
but sometimes neutral, alkaline, and occasionally faintly acid 
urines give a precipitate of calcium phosphate when boiled: this 
pac is amorphous, and is liable to be mistaken for albumin. 
it may be distinguished readily from albumin, as it is soluble 
in a fow drops of acetic acid, whereas coagulated proteid does not 


dissolve, 
phosphoric acid in the urine chiefly originates from the 
of the food, but is partly a decomposition product of 
phosphorised organic materials in the body, such as lecithin 
ad nuclein. The amount of PO, in the twenty-four hours’ urine 
fies from 2°5 to 3°5 grammes, of which the earthy phosphates 
ptain about half (1 to 15 gr.). 













‘Teste for the Inorganic Salts of Urine, 


Sulphater—Acidulate with hydrochloric acid, and add barium chloride, 
A white Any itate of barium sulphate is produced. Hydrochloric acid ix 
again added first, to prevent precipitation of phosphates. 

Phosphates—i. ‘Adil ammonia ; a white crystal pal a le of earthy 
(that is, calcium and magnesium) phosphates is produced. This becomes 
fore apparent on standing. ‘The alkaline (that is, sodium and potassium) 
| aie cee, remain in solution. ii, Mix another portion of urine with half 

volume of nitric acid; add ammonium molybdate, and boil. A yellow 
crystalline precipitate falls. ‘This test ix given ay both classes of phosphates. 

Quantitative estimation of the salts is accomplished by the use of solutions 
of standard strength, which are run into the urine till the formation of = 
precipitate ceases. The standards are made of silver nitrate, barium chloride, 
and urniam nitrate or acetate for chlorides, sulphates and phosphates 
respectively. 


Urinary Deposits. 


‘The different substatices that may occur in urinary deposits are 
formed cloments and chemical substances. 

The formed or anatomical elements may consist of blood 
corpuscles, pus, mucus, epithelium cells, sperroatozoa, casts of the 
urinary tubules, fungi, and entozoa. All of these, with the 
exception of a small quantity of mucus, which forms a flocculent 
cloud in the urine, are pathological, and the mieroscope is chiefly 
employed in their detection. 

oot 
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‘The chemical substances are uric acid, urates, calcium oxalate, 
calcium carbonate, and phosphates. Rarer forma are leucine, 
tyrosine, xanthine, and cystin. We sul, however, here only 
consider the commoner deposits, and for their identification the 
microscope and chemical tests rust both be employed. 

Deposit of Uric Acid.—This is a sandy reddish deposit 
resembling cayenne pepper. It may be recognised by its erystal- 
line form (fig. 433, P. 556) and the murexide reaction, The 
presence of these crystals generally indicates an increased forma- 
tion of uric acid, and, if excessive, may lead to the formation of 
stones or caleuli in the bladder. 





Pig. 437-—Crywtale of Calcium Oxalate, Pig. 498,—Cryntale of Cyntin, 


Deposit of Urates.—This is much commoner, and may, if the 
urine is concentrated, occur in normal urine when it cools It is 
generally found in the concentrated urine of fevers; and there 
appears to be a kind of fermentation, called the acid fermentation, 
which occurs in the urine after it has been passed, and which 
leads to the same result. The chief constituent of the deposit is 
the acid sodium urate, the formation of which from the normal 
sodium urate of the urine may be represented by the equatign— 


HyNagN,O, + HyO + CO, = 20sHgNaN,0y + NagOO, 
wodium [ Water} : nic {Acid sodium (Bediue 
urate) umite) carbonate]. 


al, 








This deposit may be recognised us follows -— 

(1) It bas a pinkish colour; the pigment called uroerytlrin is 
one of the pigments of the urine, but its relationship to the other 
urinary pigments is not known. 

(2) It dissolves upon warming the urine, 

(3) Microscopically it is usually amorphous, but crystalline 
forms similar to those depicted in fig. 435 way oowur, 
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of calcium oxalate may be mixed with this deposit 


q an 
of Calcium Oxalate. — This occurs in envelope 
post Mostanedin) or dumb-bells. 
It is insoluble in ammonia, and in acetic acid. It is soluble 
with difficulty in hydrochlori¢ acid, 

Deposit of Cystin.—Cystin (CgHyyNy80,) is recognised by its 
colourless six-sided crystals (fig. 438). These are rare; they 
eecur only in acid urine, and they may form concretions or 
caleuli. Gysticuria (cystin in the urine) is hereditary, 

Deposit of Phosphates,—These occur in alkaline urine, The 
urine may be alkaline when passed, due to fermentative ‘changes 
occurring in the bladder. All urine, however, if exposed to the 
‘air (unless the air is perfectly pure, as on the top of a snow 
mountain), will in time become alkaline, owing to the growth of the 







mierococeus wre, ‘This forms ammonium carbonate from the urea. 


CONH, + 2H,0 = (NHy)COg 
b {Urea} Tenner seme 

‘The ammonia renders the urine alkaline and precipitates the 
goad The chief forms of phosphates that, oceur in 

its are— 

(x) aves phosphate, Cag(PO,)s; amorphous, 

(2) Triple or ammonio-magnesium phosphate, MgNH,P0,; 
coffin-lids and feathery stars (fig. 435). 

(3) Crystalline phosphate of calcium, CaHPO, in rosettes of 
prisms, in spherules, or in dumb-bells. 

(4) Magnesium phosphate, Mgg(PO,)y + 22HyO, occurs ocen- 
sionally, and erystallises in long plates. 

All these hdmi are dissolved by acids, such as acetic acid, 
without effervescence. 

They do not dissolve on heating the urine ; in fact, the amount 
of precipitate may be increased by heating. Very often neutral 
or alkaline urine will become cloudy when boiled; this may be 
due to albumin or to phosphates, It is very important to dis- 
tingnish between these two, as albuminuria is a serious condition, 
They may be distinguished by the use of acetic acid, which 
dissolves phosphates but not albumin. 

A solution of ammonium carbonate (1-in-5) eats magnesium 
phosphate away at the edges; it has no effect on the triple 
phosphate. A phosphate of calcium (CaHPO,+2Hy0) may 
occasionally be deposited in acid urine. Pus in urine is apt to 
be mistaken for phosphates, but can be distinguished by the 
microscope. 




















with effervescence. 


The following is a summary of the chemical sediments | 


‘may oceur in urine =— 


THE URINE. 


Deposit of calcium carbonate, Cals, appears but rarely 
whitish balls or biscuit-shaped bodies, It is commoner in the 
urine of herbivora. {t dissolves in noetic or hydrochloric acid, 


that 
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Is Actp Uirse. 
Uric Acik—Wivtatone, domb- 


bell, or qeacie pliant 
tinged went, 
(Drhia. = Cent leeneptiond! | 


The acid urate of sodium and of 
ammonium may sometimes occur in, 
Cay closters of needles or 
sph clamps with projecting 
spines. Tinged brick-red. Soluble 


on warming. 
Calcium Oxalate-—Octahedra, 10- 

called envelope crystals, Insoluble 

in ee Mt soe E 
Cystin —Hexagos lates. Rare. 
Dauoiad aud Tyrosinnc Peart, 
Calcium Phosphate, 


IW ALKALINE Uae 


Ca(PO),. Amorphons, : 
Triple phosphate, 
MgNlt,P0, +6H,0.  Coffin-lide or 


Siena 
om lrogen phosphate, 
CaHPO, Rosettes, spherales, or 
elgreds hosphate, ‘ 
inn 
Mgy(POe+22H,0. Long plates, 
solgble in hocete eat without 
fervescence, 
Caloium Carbonate, CaCO.— 
Riscult-shaped crystals. Soluble in 


acetic acid with effervescence, 
Ammonium Urate, 





CaHPO,42H,0.—Rare. | CsH,(NH,)sN,0).—" Thorn-apple 
spherules. 
Leucine and Tyrosine, —Vory rare. 
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Under this head we shall briefly consider only those abnormal 
constituents which are most frequently met with. 

Proteids.—There is no proteid matter in normal urine,* and 
the most common cause of the appearance of albumin in the 
urine is disease of the kidney (Bright's disease), The term 
“albumin” is the one used by clinical observers. Properly 
speaking, it is a mixture of serum albumin and serum globulin, 
The best methods of testing for and estimating the albumin are 
the following :— 

(a) Boil the top of a Jong column of urine in a test-tobe, Ifthe urine te 
acid, the albumin is coagulated. If the quantity of albumin is «mall, the 
cloudiness prodnced is readily seen, a8 the unboiled urine below it is clear. 
‘This is insoluble in a few drops of acetic acid, and so may. be «distinguished 
from phosphates. If the urine is alkaline, it should be first rendered acid 
with a iitde dilate acetic acid. 








* This absolute statement i true for all practical purposes, Mtrner 
howover, has recently stated that a trace of proteid matter (serum albamin 
vlus the proteid constituent of mucin) does occur in normal urine; but the 
trace is negligeable, many hundreds of litres of urine having to be used to 


obtain an appreciable quantity, 


=! 
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r's Nitric-acid Test.—Pour some of the urine gently on to the 


ni ewan leeetbe A ring of white 
n of the two Hqui 


Le OCCU 


‘ids. ‘This test is used for small quantities of 


(e) Estimation of Albumin by Exbach’s Albuminometer. — 


: for precipitating the albumin is 


A condition called “peptonuria,” or peptone in the urine, 


is observed in certain pathological states, 
especially in diseases where thore is a forma- 
tion of pus, and particularly if the pus is 

owing to the action of a bac- 


products of disintegration of pus cells appears 
to be peptone ; and this leaves the body by 
the urine. The term “ peptone,” however, 
is in the strict sense of the word incorrect ; the 
proteid present is deutero-proteose. In the 
‘disease called “ oateomalacia ” a proteose is also 
usually found in the urine. This more nearly 
resembles hetero-proteose in its properties. 
Suger,.—Normal urine contains no sugar, 
or so little that for clinical purposes it may 
be considered absent. It occurs in the disease 
ealled diabetes mellitus, which can be artificially 
produced by puncture of the medulla oblongata, 
or by extirpation of the pancreas. The disease 
as it ocours in man may be due to disordered 





Vig, aun sabeshie 


metaboligm of the liver, to disease of the pancreas, and to other 


not fully understood causes (see p. 510), 


‘The sugar present is dextrose, Lactose may occur in the urine 
of nursing mothers, Diabetic urine also contains hydroxybntyric 
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acid, and may contain or yield on distillation acetone, and ethyl- 
diacetic acid. The methods usually adopted for detecting and 
estimating the sugar are as follows :— 


(@) The urine has ahi ific gravity. 
3 ‘The presence pane soos the reduction 
of coprous ‘) that 


solution is an alkaline solution of spt sulphate to which Rochelle salt 
has been added. The Rochelle salt (double tartrate of potash and soda) 
holds the cupric hydrate in solution. Fehling’s solution should always be 
fresbly prepared, a4, on standing, racemic acid ix formed from the tartaric 
acid, and this substance itself reduces the oupric to enprons oxide. 
solation therefore, always be tested by boiling before it is need. 
‘it remains clear on boiling, it is in good condition. 

©) Ploric Acid Teat—The work of Sir George Johnson and G. 8. Johnson 
has shown the value of this reagent in detecting both albamin and fo 
the urine. The same reagent may be employed for the detection ‘of both 
substances. The method of testing for min has been already studied 
with Esbach’s tube, To teat for sugar do the following experiment. Take 
a dmchm (about 4 0.0.) of dinbetic urine; ndd to it an equal volume 
faturated aqueous solution of plerio acid, and half the volume (Le, 2&6: of 
the liquor potases of the British PI a, Boil the mixture for about 
a minute, and it becomes so intensely dark red as to be jue, Now do 
the same experiment with norma) urine, An orange-red ur Appears 
even in the cold, and is deepened by boiling, but it never becomes opaque, 
and so the urine for clinical purposes may considered free fram 2 
‘This reduction of piorie acid by normal urine is due to creatinine (sce 


* Podancitatice Determination of Sugar in Urine—Fehling’s solution 
is prepared as follows :-—34°639 grammes of copper sulphate are ved in 
about 200 c.c. of distilled water; 173 grammes of Rochelle salt aro dissolved 
in 600 0.¢. of a 14 per cent, solution of caustic soda. ‘The two solutions are 
mixed nnd diluted to a litre. Ten o.c. of this solution are equivalent to 
ros grammes of dextreee. Dilute 10 .c. of this solation with 4oas. 
of water, and boil it ina porcelain basin. Run into this from a burette the urine 
(which should be previously diluted with nine times ite volume of distilled 
water) until the blue colour of the copper solution disap, 4s, till all 
the cupric hydrate is reduced, The mixture in the basin should be boiled after 
every addition, ‘The quantity of diluted urine used from the burette contains 
05 gramme of sugar, Calculate the percentage from this, remembering 
that the urine has been diluted to ten times its original volume, 

Pavy's modification of Fehling’s solution is sometimes used, Here am- 
monia holds the copper in solutian, and no precipltats forms ot being with 
sugar, aa ammonia holds the cuprous oxide in solution, The reduction ix 
complete when the blue colour disappears : to ¢.c. of Payy’s solation = re,c. 
of Febling’s solution = o'o0g grammes of dextrose. 

In some cases of diabetic urine where there is excess of ammonio-mnagnesic 
phosphate, the full reduction is not obtained with Febling’s solution, and 
when the quantity of sugar is small it may be missed. In such a case excess 
of soda or potash should be first added, the precipitated phosphates filtered 
off, and the filtrate after it has been well boiled may then be titrated with 
Fehling's solution, 

Febling’s test {s not absolutely trustworthy. Often a normal urine will 
decolorise Febling’s solution, though seldom a red precipitate is formed. 
This is due to excess of urates and creatinine. Another substance called 
glyouronic acid (CoHyy0;) is, however, very likely to be confused with 
Fp wehitcig’s teats the cutee of its appearance (a samatimas the aditataiatration 

drags (chloral, camphor, &c.); but sometimes it appears independently 
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ret cat anicmty to ont 
t se a po oa 


ition called aleaptonuria, 
substance which probably mates feet 
VS It Tee ee 
ao have identified it with homogentisinie 
confirmatory text for sugar is the fermentation test, which is 


test tbe with the urino and ada tle German yeast, ill 
+ invert it in a basin of mercury, and leave it in a 





The phenythydracine tost (p. 380) may also bo appllcd. 


*? Bilo.—This occurs in jaundice. The urine is dark-brown, 
greenish, or in extreme cases almost black in colour. The most 


wod draw it across the film. Its track is marked by a purplish 
line. Excess of urobilin should not be mistaken for bile 
pigment. 

Blood.—When hemorrhage occurs in any part of the urinary 
‘tract, blood appears in the urine. It is found in the acute stage 
of Bright's disease. If a large quantity is present, the urine is 
deep red. Microscopic examination then reveals the presence of 
blood corpuscles, and on spectroscopic examination the bands of 
oxyhwmoglobin are seen. 

If only @ small quantity of blood is present, the secretion— 
especially if acid—has a characteristic reddish- brown colour, 
which physicians term “smoky.” 

‘The blood pigment may, under certain circumstances, appear 
in the urine without the presence of any blood corpuscles at all. 
This ix produced by a disintegration of the corpuscles occurring 
in the circulation, and the most frequent cause of this is a disease 
allied to ague, which is called pararysmal hemoglobinuria. The 
pigment is in the condition of methemoglobin mixed with more 
or less oxyhmmoglobin, and the spectroscope is the means used 
for identifying these substances, 
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Pus occurs in the urine as the result of suppuration in. 
part of the urinary tract. It forms a white sediment resem od 
that of phosphates, and, indeed, is always mixed with phosphates. 
The pus corpuscles may, however, be seen with the microscope ; 
their nuclei are rendered evident by treatment with 1 per cent. 
acetic acid, and the pus corpuscles are scon to resemble white 
blood corpuscles, which, in fact, they are in origin, 

Some of the proteid constituents of the pus cells—and the 
same is true for blood—paas into solution in the urine, so that 
the urine pipetted off from the surface of the deposit: gives the 
tests for albumin. 

‘On the addition of liquor potassw to the deposit of pus cells, a 
ropy gelatinous mass is obtained. This is distinctive. Mucus 
treated in the same way is dissolved. 


CHAPTER XXXVIII. 
THE SKIN. 


Tar skin ig composed of two parts, epidermis, or cuticle, and 
dermis, or cutis vera. In connection with the skin we shall also 
have to consider the nails, the hairs with their sebaceous glands, 
and the sweat glands, 

The Epidermis is composed of « large number of layers of 
cells ; it is. a very thick stratified epithelium. The deeper layers 
are protoplasmic, and form the rete mucosum, or Malpighian layer ; 
the surface layers are hard and horny ; 
thickest part of the 
and soles, where it is subjected to most friction. The cells of the 
deepest layers of the Malpighian layer are columnar in shape; 
the layers next to these are composed of polyhedral cells, which 
become flatter as they approach the horny layers, Between 
these cella are fine intercellular passages, bridged across by fine 
protoplasmic processes, which pass from cell to cell; the cbannels 
between the cells serve for the passage of lymph. It is in the 
cella of the Malpighian layer that. pigment granules are deposited 
in the coloured races. 

Between the horny layer and the Malpighian layer are two 
intermediate strata, in which the transformation of protoplasm 
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i Sian (henatin) Leap anes. ln tba ifn ih 
these —that one next to ighian. layer, 

are flattened, and filled with large granules of eleidin, an inter- 
mediate substance in the formation of horn, This layer is called 
the stratum granulosum. 

Above this are several layers of clear, more rounded cells, 
which constitute the stratum fueidum ; and above this the horny 





+ 440.—Vertical neotion of the epidermis prepuce, a, wtratum of 
The: 40 ae of the, of the i very 
mented 2,6, at, and +, Uhe ‘of the stratum Malpighii, m ‘nusnber 


ot the 
celle in dana ‘cigs uf neyuientation jit consists chiefly of priekle 
‘ells ; 9, Colle a cutia vorn. (Cadiat) Cie, 


layer proper, many strata deep, begins. The cells become more 
and more scaly as they approach the surface, where they lose 
their nuclei and eventually become detached. 

‘The epidermis grows by a multiplication of the deepest layer 
of cells (fig. 440, ¢); the newly-formed cells push towards the 
surface those previously formed, in their progress undergoing the 
transformation into keratin, 

The epidermis has no blood-vessels ; nerve-fibrils pass into its 
deepest layers, and ramify between the cells, 

The Dermis is composed of dense fibrous tissue, which becomes: 
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looser and more reticular in its deeper part, where it passes by 
insensible degrees into the areolar and adipose tissue of the gub- 
cutaneous region. The denser superficial layer ix very vascular, 
and ix covered with minute papille; the epidermis ix moulded 





over these, and in the palms 
and soles, where the papille 
are largest .and are disposed 
in rows, their presence is 
indicated by the well-known 
ridges on the surface, 

‘The papillw contain loops of eapil- 
laries, and in some cases, ially 
in the palm of the hand and fingers, 
they contain tactile corpuscles (whieh 
PHS Slammed 3". will be more fully described in eannec- 

{ato hair follicle, B; Murcu- tion with the sense of touch), Special 

Freskwland. 1D. Subrutaneous ewpillary networks are distributed to 

with hiniepapila. (Klein.) ' the swent-glands, sebaceous glands, 

and hair follicles. 

The deeper portions of the dermis in the scrotum, penis and 
nipple, contain involuntary rauscular tissne; there is also a bundle 
of muscular tissue attached to each hair follicle. 

The Nails are thickenings of the stratum lucidum, -Each 
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lies in a depression called the Sed of the nail, the posterior part 
of which is overlapped by epidermis, and called the nail-groove. 
The dermix beneath is beset with longitudinal ridges instead of - 


papille ; these are very vascular; but in the ¢wwa, the crescent 
at the base of the nail, there are papillae, and this part is not so 
vascular, 


2 





).— Surface of a white hair, magnified 160 diameters. mark 
Pr rtd te cra ae Benn pa Rh proven 


Tho Hairs are epidermal growths, contained in pits called hair 
follicles. The part within the follicle is called the root of the hair, 
The main substance of the hair is composed of pigmented 





Wig. 443.-—Longitudinal section of a hair follicle. « and 4, external rovt-shoath ; ¢ internal 
‘reot-sbeath ; Sarr are ot ‘the hair; ¢, medulla; /, hair papilla; ‘0, blood=vensels 
‘Of the hir-papila; A, dermie coat,  (Cailiat.) 


horny fibrous material, in reality long fibrillated cells. It is 
covered by a layer of scales imbricated upwands (hair cuticle), 
In many hairs the centre is occupied by « medulla, formed of 
rounded cells containing eleidin granules, Minute air-bubbles 
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may be present in both medulla and fibrous layer, and cause the 
hair to look white by reflected light. The grey hair of old age, 
however, is produced by « loss of pigment. 

The root is enlarged at its extremity into a knob, into which 
projects a vascular papilla from the true skin. 

‘The hair follicle consists of two parts, one continnous with the 
epidermis, called the rootsheath, the other continuous with the 


sae 


a 
ey 


oi 





dermis, called the dermic coat, The two are separated by « 
busement membrane called the Ayaline layer of the follicle, ‘The 
rvot-sheath consists of an outer layer of cells like the Malpighian 
layer of the epidermis, with which it is directly continuous (outer 
root-sheath), and of an inner horny layer (inner rootsheath), 
continuous with the horny layer of the epidermis. The inner 
root-sheath consists of three layers, the outermost being com- 
posed of long, non-nucleated cells (/fenl’s layer), the next of 
squarish nucleated cella (Hualey’s layer), and the third is a cuticle 
of scales, imbricated downwards, which fit over the scales of the 
cuticle of the hair itself. 

A small bundle of plain muscular fibres is attached to each 
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follicle (fig. 441). Whon it contracts, ax under the influence of 
cold, or of certain emotions such as fear, the hair is erected and the 
whole skin is roughened (“goose skin"). The nerves supplying 
these museles are called pilomotor nerves. The distribution of 
these nerves closely follows those of the vaso-vonstrictor nerves 
of the skin ; their cell stations are in the lateral sympathetic chain. 

+The sebaceous glands (figs. 441 and 445) are small saccular 





Fig. 445-—Sebaonous gland from human akin. (Klein and Noble Smith.) 


glands, with ducts opening into the upper portion of the hair 
follicles. The secreting cells become charged with fatty matter, 
which is discharged into the lumen of the siccules owing to 
the disintegration of the cells. The secretion, sedwn, contains 
isocholesterin (see p. 505) in addition to fatty matter. It acts 
‘as 4 lubricant to the hairs. 

The sweat-glands are abundant over the whole human skin, 
bat are most numerous where hairs are absent, on the palms and 
solex Each consists of a coiled tube in the deepest part of 
the dermis; the duct from which passes up through the dermis, 
and by a corkserew-like canal through the epidermis to the 
surface. 
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ee ene a ee cubical or 
oA oul this is a layer of jitudinally arranged 
muscular fibres, and then a basement-membrano, 

‘The duct is of similar structure, except that there i is usually 
but one layer of cubical cells, and muscular fibres are absent ; 





Hie, 446,—Termine! tables of sudortferous oF ent in various directions 
rom the akin cf the pips ene. (¥. D, Hates.) 


the passage through the epidermis has no proper wall; it ix 
merely » channel excavated between the epidermal cells. 
‘The ceruminous glands of the ear are modified sweat-glands. 


‘Tae Fuxcrions oy tHe Sxix. 


Protection.—The skin acts as a protective organ, not only by 
mechanically covering and so defending internal structures from 
external violence, but more particularly in virtue of its being an 
organ of sensation (see later in the chapter on Touch). 

Heat Regulation.—See Chapter XL. 

Respiration.—A small amount of respiratory interchange of 
gases occurs through the skin, but in thick-skinned animals this 
is very small. In man, the carbonic acid exhaled by the skin is 
about +}5 to yby of that which passes from the lungs, But in 
thin-skinned animals, like frogs, cutaneous respiration is very 
important; after the removal of the lungs of a frog, the 
respiratory interchange through the skin is sufficient to keep the 
animal alive, the amount of carbonic acid formed being about 
half as much as when the lungs are present (Bischoff), 

Absorption.—This also is an unimportant function; but the 
skin will in a small measure absorb oily materials placed in contact 
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with it; thus in some cases infants who will not take cod-liver 
oil by the mouth, can yet be dosed with it by rubbing it into the 
iar wala thas general effects 


"The sebum is the natural lubricant of the hairs. The sweat is an 
excretion, The secretion of sweat is un important function of 
the skin, and we will therefore discuss it at greater length. 


‘Tue Swear. 


Physiology of the Secretion of Sweat.—We have seen that 
the sweat-glands are most abundant in man on the palms and 
soles, and here the greatest amount of perspiration occurs. 
Different animals vary a good deal in the amount of sweat they 
seerete, and in the place where the secretion is most abundant. 
‘Thus the ox perspires less than the horse and sheep ; perspiration 
is absent from ruts, rabbits, and goats; pigs perspire mostly on 
the snout; dogs and cats on the pads of the fect. 

As long a8 the secretion is small in amount, it is evaporated 
from the surface at once; this is called insensible perspiration, 
As soon a8 the secretion is increased or evaporation prevented, 
drops appear on the surface of the skin. This is known as 
sensible perspiration. The relation of these two varies with the 
temperature of the air, the drier and hotter the air, the greater 
Veing the proportion of insensible to sensible perspiration, In 
round numbers the total amount of sweat secreted by a man is 
‘two pounds in the twenty-four hours. 

The amount of sceretion is influenced by the vaso-motor 
nerves; un increase in the size of the skin-vessels leads to 
jnerensed, « constriction of the vessels to di ished, perspira- 
tion, ‘There ure also special secretory fibres, stimulation of 
which causes a secretion even when the circulation is suspended, 
as in @ recently amputated limb. These fibres are paralysed 
by atropine. They are contained in the same nerve-trunks as 
the vaso-motor nerves, as are also the nerve-fibres which supply 
the plain muscular fibres of the sweat-glands which act during the 
expulsion of the secretion. The secretory nerves for the lower 
limbs issue from the spinal cord by the last two or three dorsal 
and first two or four Inmbar nerves (in the cat); they have cell 
stations in the lower ganglia of the lateral chain, and pass to the 
abdominal sympathetic and thence to the sciatic nerve. They 
are controlled by « centre in the upper lumbar region of the cord 5 
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sympathetic, and in some branches of the fifth 
‘These subsidiary centres aro dominated by one in 
oblongata (Adamkiewiez). ‘U'hese facts have been 
experiments on animals (cat, horse). 

The sweat-centres may be excited direotly by venous blood, 
in asphyxia ; or by over-heated blood (over 45° C.) ; or by certain 
drugs (see spel or reflexly by stimulation of afferent res 
such as the crural and peroneal. 

Nervous diseases are often accompanied with cioteme ye 
ing; thus unilateral perspiration is seen in some cases of A 
hemiplegia ; degeneration of the anterior nerve-ells of the cord 

may cause stoppage of the secretion, It is sometimes increased 

in paralysed limbs. 

The changes that occur in the secreting cells have been ; 
investigated by Renaut in the horse. When charged they are 
clear and swollen, the nucleus being situated near their attached = 
ends; when discharged they are smaller, granular, and their 
nucleus is more central. 

‘The sweat, like the urine, must be regarded ws an excretion, 
the secreting cells eliminating substances formed elsewhere. 
Composition of the Sweat.—Sweat may be obtained in 
abundant quantities by placing the animal or man in a closed 
hotair bath, or from a limb by enclosing it in a vessel made air 
tight with an elastic bandage. Thus obtained it is mixed with 
epidermal scales and a small quantity of fatty matter from the 
sebaceous glands. ‘The continual shedding of epidermal scales is 
in reality an excretion, Keratin, of which they sre chiefly 
composed, is rich in sulphur, and, consequently, this is one means 
by which sulphur is removed from the body. 

‘The reaction of sweat is acid, and the acidity, as in the urine, is 
due to acid sodium phosphate. In profuse sweating, however, 
the secretion usually becomes alkaline or neutral It has a 
peculiar and characteristic odour, which varies in different 
of the body, and is due to volatile fatty acids; its taste is saltish, 
its specific gravity about 1005. 

In round numbers the percentage of solids ix 12, of which o'8 
is inorganic matter. The following table ix a compilation from 
veral analyses :— 
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‘The salts are in kind and relative quantity very like those of 
the urine. Fanke was unable to find any urea, but most other 
observers agree on the presence of a minute quantity. It appears 
to become quickly transformed into ammonium carbonate. The 
proteid which is present, is probably derived from the epithelial 
cella of the epidernis, sweat-glands, aud sebaceous glands, which 
are suspended in the excretion ; but in the horse there is albumin 
actually in solution in the sweat. 

Abnormal, Unusual, or Pathological Conditions of the 
Sweat.—Drugs.—Cortain drugs (sudorifics) favour sweating, 
«g- pilocarpine, Calabar bean, strychnine, picrotoxine, muscarine, 
nicotine, camphor, ammonia. Others diminish the secretion, 
eg. atropine and morphine in large doses, 

Large quantities of water, by mising the blood-pressure, 
increase the perspiration. 

Some substances introduced into the body reappear in the 
sweat, eg. benzoic, tartaric, and succinic acids readily, quinine 
and iodine with more difficulty, Compounds of arsenic and 
meroury behave similarly. 

Diseases. —Cystin has been found in some cases of vystinuria ; 
dextrose in diabetic patients ; bile-pigment in those with jaundice 
(as evidenced by the staining of the clothes) ; indigo in a peculiar 
condition known as chromidrosia ; blood or hematin deriva- 
tives in red sweat; albumin in the sweat of acute rheumatism, 
which is often very acid; urates and calcium oxalate in gout; 
luctic acid in puerperal fever, and occasionally in rickets and 
scrofula, 

Kidney Diseases —The relationof the secretion of theskin to that 
of the kidneys is avery close one, ‘Thus copious secretions of urine, 
or watery evacuations from the alimentary canal, coincide with dry- 
ness of the skin ; abundant perspiration and scanty urine generally 
go together. In the condition known ns uremia (see p. 552), when 
the kidneys seerete little or no urine, the percentage of ures rises 
in the sweat; the sputum and the saliva also contain urea under 
those circumstances. The clear indication for the physician in 
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such cases is to stimulate the skin to action by hot-air baths and 
pilocarpine, and the alimentary canal by means of purgatives. 
In some of these cases the skin secretes urea so abundantly that 
when the sweat dries on the body, the patient is covered with a 
coating of urea crystals. 

Varnishing the Skin.—By covering the skin of such an pe 
as a rabbit with an impermeable varnish, the 
reduced, a peculiar train of symptoms set up, and ultimately the 
animal dies. If, however, cooling be prevented by keeping such 
an animal in warm cotton-wool, it lives longer. Varnishing the 
human skin does not seem to be dangerous, Many explanations 
have been offered to explain the peculiar condition observed in 
animals ; retention of the sweat would hardly do it ; the blood ix 
not found post mortem to contain any abnormal substance, nor is 
it poisonous when transfused into another animal. Cataneoas 
respiration is so slight in manmals that stoppage of this fametion 
cannot be supposed to cause death, The animal, in fact, dies of 
cold ; the normal function of the skin in regulating temperature 
in interfered with, and it is animals with delicate skins which are 
most readily affected. 


CHAPTER XXXIX, 


GENERAL METABOLISM. 





‘Tux word metatoliem bas been often employed in the preceding 
chapters, and, ax there explained, it is used to expross the sam 
total of the chemical exchanges that occur in living tismes. ‘Phe 
chemical changes have been considered separately under the 
headings Alimentation, Excretion, Respiration, ée. We have now 
to put our knowledge together, and consider these subjects in 
their relation to one another, 

The living body is always giving off by the lungs, kidneys, and 
skin the products of its combustion, and is thus always tending 
to lose weight. ‘This loss is compensated for by the intake of 
food and of oxygen. For the material it loses, it receives in 
exchange fresh substances. If, as in « normal adult, the income 
is exactly equal to the expenditure, the body-weight remains 
constant, lf, as in a growing child, the income exceeds the 
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i the body gains weight; and if, us in febrile 
conditions, or during starvation, the expenditure exceeds the 
income, the body wastes. 

‘The first act in the many steps which constitute nutrition ix 
the taking of food, the next digestion of that food, the third 
absorption, and the fourth assimilation. In connection with 
these subjects, it is important to mote the necessity for « mixed 
diet, and the relative and absolute quantities of the various 
proximate principles which are most advantageous. Assimilation 
is a subject which is exceedingly difficult to describe; it is the 
act of the living tissues in selecting, appropriating, and making 
part of themselves the substances brought to them by the nutrient 
blood-stream from the lungs on the one hand, and the alimentary 
ewnal on the other. The chemical processes involved in some of 
these transactions have been already dwelt on in connection with 
the funetions of the liver and other secreting organs, but even 
there our information on the subject is limited; much more is 
this the case in connection with other tissues, Assimilation, or 
the building up of the living tissues, may, to use Gaskell’s 
expression, be spoken of as anabolic, 

Supposing the body to remain in the condition produced by 
these anabolic processes, what is its composition! A. glance 
through the chapters on the cell, the blood, the tissues, and the 
organs will convince the inquirer that different parts of the body 
have very different compositions ; still, speaking of the body ns a 
whole, Volekmann and Bischoff state that it contains 64 per cent, 
of water, 16 of proteids (including gelatin), 14 of fat, 5 of salt, 
aml 1 of carbohydrates. The carbohydrates are thus the 
smallest constituent of the body; they are the glycogen of the 
liver and muscles, and small quantities of dextrose in various 
parts. 

The most important, because the most abundant of the tissues 
of the body, is the muscular tissue. Muscle forms abont 42 per 
cent. of the body-weight,* and contains, in round numbers, 75 
per cent. of water and 21 per cont. of proteids; thus about half 
the proteid material and of the water of the body exist in its 
muscles, 

The body, however, does not remain in this stable condition ; 
even while nutrition is occurring, destructive changes are taking 
place simultaneously ; each cell may be considered to be in a 


* The following is in round nambers the 
different structural elements of the body 
; skin, 8; brain, 2; blood, 5, 


percentage proportion of the 
ton, 16; muscles, 42; fat, 
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state of unstable equilibrium, undergoing anabolic, or constructive 
processes, on the one hand, and destructive, or katabolic, processes 
on the other, The katabolic series of phenomena commences with 
combustion ; the union of oxygen with carbon to form earbonic 
wid, with hydrogen to form water, with nitrogen, earbon, and 
hydrogen to form urea, urie acid, creatinine, and other less 
important substances of the samne nature. The formation of these 
last-mentioned substances, the nitrogenous metabolites, is, how- 
ever, a8 previously pointed out, partly syuthetical. The 
of these products of destructive metabolism by the expired air, 
the urine, the sweat, and feces is what constitutes excretion; exere- 
tion is the final act in the metabolic round, and the composition 
of the various excretions has already been considered. 
An examination of the intako (food and oxygen) and of the 
output (exeretion) of the body can be readily made; much more 
readily, it need bardly be said, than an cxamination of the inter- 
mediate steps in the process. A contrast between the two ean be 
made by means of a balance-sheet, A familiar comparison may 
be drawn between the affairs of the animal body and those of a 
commercial company. At the end of the year the company 
presente a report in which its income and its expenditure are 
contrasted on two sides of a balancesheet. This sheet is a 
summary of the monetary affairs of the undertaking ; it gives few 
details, it gives nowe of the intermediate steps of the manner in 
which the property has been employed. This is given in the 
preliminary parts of the report, or may be entered into by still 
further examining the books of the company. 

In the parts of this hook that precede this chapter I have 
endeavoured to give an account of various transactions that 
occur in the body. I now propose to present « balance-sheet. 
Those who wish still further to investigate the affairs of the 
body may do so by the careful study of works on physiology ; 
still, text-books and monographs, however good, will teach one 
only a small amount; the rest is to be learnt by practical 
study and research ; and we may compare physiologists to the 
accountants of a commercial enterprise, who examine into the 
details of its working. Sometimes, in business undertakings, « 
deficit or some other error is discovered, and it may be that the 
source of the mistake is only found after careful search. Under 
these conditions, the accountants should be compared to 
physicians, who discover that something is wrong in the working 
of the animal body ; and their object should be to discover where, 
in the metabolic cycle, the mistake has occurred, and subsequently 

vour to rectify it. 

































































2) The quantity and composition of its food. 

‘The amount of oxygen absorbed during respiration, 
(4) The quantity and composition of urine, feces, sweat, and 
fired air, 


(5) The amount of work done, and the amount of heat 
rt ie id subject of animal heat will be considered in the 
next. ) 

Water is determined by subtracting the amount of water 
ingested as food from the quantity lost: by bowels, urine, langs, 
and skin. The difference is a measure of the katabolism of 


Nitrogen.—The nitrogen is derived from proteids and albumi- 
noids, and appears chiefly in the urine as urea and uric acid, 
Minnte quantities are eliminated as similar compounds in sweat 
and feces. From the amount of nitrogen 40 found, the amount 
of proteids which have undergone katabolism is caleulated. 
Proteids contain, roughly, 16 per cent. of nitrogen ; so 1 part of 
nitrogen is equivalent to 6-3 parts of proteid; or 1 gramme of 
nitrogen to 30 grammes of flesh. 

Fat and carbohydrate—Subtract the catbon in the metabolised 
proteid (proteid contains 54 per cent. of carbon) from the total 
earbon eliminated by lungs, skin, bowels, and kidnoys, and the 
difference represents fat and carbohydrate that have undergone 
metabolism, 


The Discharge of Carbon. 


‘The influence of food on the rate of discharge of carbonic acid 
is immediate. The increase after each meal, which may amount 
to 20 per cent., reaches ita maximum in about one or two hours, 
‘This effect is most marked when the diet consists largely of 
carbohydrates. 

About 95 per cent, of the carbon discharged leaves the organism 
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as carbonic acid. The total insensible loss (= carbonic 
water givon off oxygen absorbed) amounts in man to about 25 
ghimmes per hour, Of the total hourly discharge of carbonic 
acid, less than o°s per cent, is cutaneous, The hourly discharge 
of carbonic acid in a man at rest is about 32 grammes, the 
weight of oxygen absorbed being 25 to 28 grammes in the same 
time. The hourly discharge of watery vapour is about 20 


+ 


grammes. 

As a volume of carbonic acid (COg) containg the same weight of 
oxygen as an equal volume of oxygen (Og), it is obvious that, if 
all the absorbed oxygen were discharged as carbonic acid, the 
“respiratory quotient” (by volume) = parece would be equal 
to 1 This, however, is not the ease, the volume of ox 
absorbed being in excess of the carbonic acid discharged. In 
animals fed exclusively on carbohydrates (this would only be 
possible for a short time) equality is approached. The excess of 
oxygen is greatest when the diet consists largely of fats. 

‘On a mixed diet, comprising 100 grammes of proteid, 100 of 
fat, and 250 of carbohydrates, with a carbonic acid discharge of 
77° grammes daily, and a daily assumption of 666 grammes of 
oxygen, 560 grammes of the oxygen are discharged in the carbanic 
acid, about 9 in urea, and 97 grammes in the form of water (of 
which 78 grammes are formed from the hydrogen of the fat); 
the respirtory quotient is then o'84. In hibernation the 
respiratory quotient sinks lower than in any other known con- 
dition (often less than o°5), for the animal then lives almost 
entirely on ita own fat. The discharge of carbonic acid is 
increased by muscular work, and the respiratory quotient also 
rises, Diminution of the surrounding temperature causes increased 
discharge of carbonic acid. (‘These points are all disenssed more 
fully in Chapter XX1V.) 





The Discharge of Nitrogen. 


Th man the minimum daily allowance of nitrogen ik 15 
grammes, or 0°02 per cent. of the body-weight ; in the carnivora 
about o'r per cent.; in the ox, as an instance of a herbivorous 
animal, o'005 per cent. In certain races of mankind (eg. coolies) 
the nitrogen requirement is leas than in Europeans. The reason 
why this is so is not understood. 

Some recent experiments by Hirschfeld have shown that for a 
short time nitrogenous equilibrium can be maintained on a 
smaller daily supply of nitrogen than 15 grammes, But 










OF MATERIAL. 


ded over a longer time have shown that sooner 
| on ipa if the +5 grammes daily are 


Watsonkalvely on flesh, the discharge of nitrogen 

pari passw with the absorption of proteid, the : 
‘of oxygen being proportionately increased at the same 
‘The animal, however, gains weight from increase of fat, 
being split into what is called a nitrogenous moiety, 
barnt off, and a non-nitrogenous moiety whieh is converted 





‘is 
fat. 
discharge of nitrogen is not immediately or markedly 

juenced by muscular work (see p. 552); the increased com 
bustion that occurs in working as compared with resting muscles 


falls Ghiefly on their non-nitrogenous constituents. 


Balance of Income and Discharge in Health. 


In | Chapter XXVIIL tables are given of adequate dieta; these 
will in our balance-sheots represent the source of income; the 
other side of the balance-sheet, the expenditure, consists of the 
excretions. 


EXCHANGE OF MATERIAL of AN ApequaTr Dit 
(Ranke’s table).* 





Foods. tern ‘Carbon. Yexeretions, | Nitrogen, | Carbon, 





Proteid . 100 yr. | 15°5 gr. yogr|| Urea 1°5 er. 9 7 
wt el lila om Usieacil ‘05 } i bas 


vr 
Grates. 250, | o'0 ,, | 93’0 ,, || Respiration(CO,) oo | 20800 








155 » }225°0 » 155 | 22500 





In man the discharge of nitrogen per kilo. of body-weight 
is o21 gramme, and of carbon 3°03 grammes, the quotient 


5 = 145. In carnivorous animals, which, according to Bidder 





* The above table was constructed from data derived from the observations 


of Prof. Ranke on himself. Though made many years ago, Ranke’s tables 


‘still serve as typical and standard examples of metabolic balance-sheets, 
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Fook... Gazer. 2796 | Diecharged by { 
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The details of the above experiment may be given as illus 
trating the method of working out a problem in exchange 
material: 1832 grammes of meat used as food yielded 3° 
isent inf altrogen, b.\62°3 gr end 335 pew coat ok 

3} 70 gr: of fat added to the food yielded 72 
carbon, 50°3 gr.: 229°3450° 79°6=total carbon i 
food. During the same period 86-3 gr. of urea were discharged, 
containing 46°6 per cent., ir. 40°4 gr. of nitrogen, and 20 per 
cent., ¢e. 1773 gr. of carbon, to which must be added 2 gr. of 
uric acid, containing 33 per cent., i 0°66 gr. of nitrogen, and 
35 per cent., o°7 gr. of carbon. Further, 2°9 gr. of nitrogen 
and 14 gr. of carbon were discharged in the feces, and 235 gr. 
of carbon as carbonic acid in the expired air. Hence the total 
discharge of nitrogen = 40°4 + 0°66+2°9=44 gr., and the total 
discharge of carbon = 17°3+0°7+144+231=263 gr. Deducting 
the quantity of nitrogen discharged from that taken in, 18-3 gr. 
must hare been retained in the body, as 108 gr. of proteld, and 
consequently 53 per cent. of that weigh gr. of carbon, 

Com 



























cleadiibe ete t spe gr., which must have been 
derived from the phgeanerie hs Rvs tha tea 

Another table of exchange of material on adequate diet may 
be qnoted from the work of Pettenkofer and Voit. This takes 
_aecount the elimination of water as well as of carbon and 
Tn the first experiment the man did no work. 
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Here the body was in nitrogenous equilibrium, and it elimi- 
nated more water than it took in by 174 grammes, this being 
derived from oxidation of hydrogen. It stored 39°7 grammes of 
carbon, which is equivalent to 52 grammes of fat. 

‘The next table gives the results of an experiment on the same 
man on the same diet, but who did active muscular work during 


the day :— 


NI . Carbon. Water, 
Siete: ee eae egg 
Woo oat 145 94 
Expiredair, 309242 


195 33633700 
It is important to notice that the discharge of nitrogen was 
unaltered while that of both carbon and hydrogen was increased, 


Tnanition or Starvation. 


‘The income from without is, under these circumstances, nil; 
expenditure still goes on, as 4 result of the disintegration of the 
tissues ; the amount of disintegration is measured by the dis- 
charges in the manner already described. ‘The following tnble 
from Ranke’s experiment on himself represents the exchange for 
a period of twenty-four hours, twenty-four hours having elapsed 
since the last meal, 


Disintegration of tierue, | Expenditury, 


tame 


) Respiration (Oy oo 180°6 
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The discharge of trogen per kilo, of body-weight was reluced 
0 oF, . being 23°5. In carnivorous animals, in prolonged 


ete then am ri Se - 

During starvation the man or avimal gradually loses 
the temperature, after a preliminary rise, sinks; the fi 
wet weaker by degrees, and ultimately death ensues, the total 
weight lost being from 0°3 to 0°5 of the original body-weight. 

The age of the animal influences the time at which death 
oceurs, old animals withstanding the effects of hunger better than 
young ones. ‘This statement was originally made by Hippocrates, 
and was borne out by the experiments of Martigny and Chossat, 
Young animals lose weight more quickly, and die after a smaller 
loss of weight, than old ones. 

The exeretion of nitrogen falls quickly at the commencement 
of an experiment; it reaches a minimum which remains constant 
for several days ; it then rises when the fat of the animal has 
been used up, and then quickly falls with the onset of symptoms 
of approaching death, 

The sulphates and phosphates in the urine show approximately 
the same series of changes. 

‘The discharge of carbonic acid and the intake of oxygen fall, 
but not so quickly as the body loses weight; it is not until 
quite the last stages that these are small in proportion to one 
another. 

The fwces become smaller and smaller in quantity until no 
discharge from the reetum occurs at all. 

The amount of bile secreted also falls; but bile is found in 
the gall-bladder and intestine after death. 

Taking the total loss of weight as 100, the loss due to that of 
individual ongans may be stated as follows (Voit) — 


Bone... 54 Pancreas =. =. ont Brainandconl . off 
Muscle...) qzz Lungs... 03 Skinandhair, | 88 
Liver.” . | | q Heart.” . | | oo Kot... 268 
Kidneys. "| 06 Testes” . ” . | or Blood t ae, 
Spleen... 06 Intestine” . ° | 20 Other parts. | 50 


Some organs, such as heart and brain, thus lose but little 
weight ; the loss of weight is greatest in the muscles, fat, skin, 
liver, and blood. Of the muscles, the great pectoral muscles 
waste most. Death may be delayed somewhat by artificial 
warmth, but ultimately occurs from asthenia, sometimes aecorm- 

convulsions, 
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| Bxohange of Material with various Dists. 


‘The reasons why a mixed diet {s nocessary have been already explained 
. N have, however, 
Ca manens ppbesinenia VO, been made in the 


ing with mewt.—As the chief solic in meat is proteid, one must take 
either too much nitrogen or too little carbon. cine hae date 
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was such that small could have been derived from the i, 
the greater amount being directly derived from the fat of the f The 
animal, moreover, Jays on fat in which palmitin, stearin, and olein are 
mixed ina definite proportion : this proportion is often different in. the fax 
of the food. In addition to this an animal will fatten (laying on fat with 
ite usual composition) on fatty food, such as spermaceti, which contains no 


‘Feeding with carbohydrates—Vhe respiratory quotient approaches unity 
when ear! alone are taken. So far as regunds nitrogen the animal 
is in a state of inanition, as when fat alone is taken, If given in combina+ 
tlon with other focds, both carbohydrates and fat act ax proteid-sparing 


foods, 
The following twble is from Pettenkofer and Voit, and illustrates what 
happens in a dog on a mixed dict of flesh and carbohydrates. 





| Food. Changes in the body. | Eat, 
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Even when the dict consists wholly of carbohydrates, fat is laid on ; the 
fat laid on when meat and starch are both present in the food comes partly 
from the proteid and partly from the carbohydrate of the food. When no 
carbohydrate ié given at all, as in the Inst experiment, the nitrogenous 
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_ Exchange of Material in Diseasos. 


#ever.—Fever is « condition in which the temperature of the 
body is mised above the normal, and the degree to which it is 
raised is a measure of the intensity of the febrile condition. A. 
rise of temperature may be produced vither by increased produc- 
tion of heat, due to the increase of katabolic processes in the 
body, or tos diminished loss of heat from the body. A mere 
inerease in the production of heat does not necessarily produce 
fever. administering an excess of food, combustion is increased 
iu the ; but in the healthy individual this does not produce 
4 rise of temperature, because paré pussu with the increased pro- 
duction, there is increased loss of heat, Similarly, diminution in 
the loss of heat, such as occurs on a hot as compared with a cold 
day, does not produce fever,* because the production of heat 
within the body is correspondingly diminished. In fever there is 
increased production of heat, as is seen by the study of exchange 
of material ; the intake of food is, as w rule, very small; the 

of nitrogen and carbon results from the disintegration 
of tissues, which, as compared with that in simple inanition, is 
large; the tissues are said to be in « labile condition, that is, 
they are easily broken down. In most febrile states, the skin is 
dry, the sweat-glands, like most of the secreting organs of the 
body, being comparatively inactive, and so the discharge of heat 
is lessened. The skin may, however, sometimes be bathed in 
perspiration, and yet high fever be present. he essential cause 
of the high temperature is neither increased formation nor 
diminished discharge of heat, but an interference with the reflex 
mechanism, which in health operates so as to equalise the two 

Increased nitrogenous metabolism in fever has been observed 
in pneumonia, in pywemia and in other febrile conditions. Ringer 
showed the correspondence in temperature and output of nitrogen 

clearly in intermittent fever (ague). 

What is known as the epicritical increase of urea is the greatly 
increased secretion of ures that occurs at the commencement 
of the defervescence of a fever. [t ix probably not due to an 
increased formation of urea, but to the removal of urea which has 
accumulated, owing to the fact that the kidneys have been acting 
sluggishly during the height of the fever. 





* A fobrile condition does occur on undue exposure to a tropical sun, for 

in soldiers in Indin; this is mainly due to thelr tigut fitting and 

otherwise unsuitable clothing, which interferes with (he proper action of 
the skin. 
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Proteid, 120 gr.) 186 676 
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Compare this table with that at the boebint of p. 587. 
Diabetes mellitus—In addition to the presence of sugar in the 
urine in this disease, the most marked symptoms are intense 
thirst and ravenous hunger. As a rule diabetic patients 
their food well, The thirst is an indication of the necessity of 
replacing the large quantities of water lost by the kidneys; the 
hunger, that of replacing the great waste of tisvues that occurs, 
For not only docs the urine contain sugar, but, in addition, « 
great excess of urea and uric acid. The carbonic acid output is 
somewhat smaller than in health. In health the earbok, 
after assimilation, give rise, by oxidation, to carbonie acid ; in 
diabetes, all the carbohydrates do not undergo this change, but 
pass as sugar into the urine, Not that all the sugar of the urine 
is derived from carbohydrates, for many diabetics continue to pass 
large quantities when all carbohydrate food is withheld; under 
these circumstances, it must be derived from the destruction of 
proteid matter (see also pp. 510, 567). 


Luxus Consumption. 


Iu former portions of this book we have insisted on the fact 
that the food does not undergo combustion, or katabolic changes, 
until after it ix assimilated, that is, until after it has become an 
integral part of the tissues. Formerly the blood wax supposed 
to be the seat of oxidation ; but the reasons why this view is not 
held now have been already given. When a student is first con- 
fronted with balance-sheets, representing metabolic exchanges, it 
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593 
is at first a little difficult for him to grasp the fact, that although 
the amount of nitrogen and carbon ingested is equal to the 
amount of the sume ¢lements which are climinated, yet the 
eliminated carbon and hydrogen are not derived from the food 
direct, but from the tissues alrendy formed ; the food 


a row of marbles ; if an extra marble is pushed in at one end, a 
marble falls out at the other; if two marbles are parca 
instead of one, there is an output of two at the other end ; 

a dozen, or any larger Pacbechie raernglade asa erage 





comprehension of the metabolic exchanges. 

‘The difficulty just alluded to, which a stadent fools, was also 
felt by the physiologists who first studied metabolism ; and Voit. 
formulated a theory, of which the following is the gist : All pro- 
teid taken into the alimentary canal appears to affect proteid 
metabolism in two ways; on the one hand, it excites rapid dis- 
integration of proteids, giving rise to an immediate increase of 
ures; on the other hand, it serves to maintain the more regular 
proteid metabolism continually taking place in the body, and so 
contributes to the normal regular discharge of urea. It has been, 
therefore, supposed that the proteid which plays the first of these 
two parts is not really built up into the tissues, does not become 
living tissue, but undergoes the changes that give rise to urea, 
somewhere outside the actual living substance, The proteids are 
therefore divided into “ tissne-proteids,” which are actually built 
up into living substance, and “floating or circulating proteids,” 
which are not thus built up, but by their metabolism outside the 
living substance set free energy in the form of heat only, It was 
at this time erroneously supposed that the exclusive use of proteid 
food was to supply proteid tissue elements, and that vital mani- 
festations other than heat had their origin in proteid metabolism, 
the metabolism of fate and carbohydrates giving rise to heat only. 
Hence, when it was first surmised that a certain proportion of 
proteids underwent metabolism, which gave rise to heat only, this 
appeared’ to be a wastoful expenditure of precious material, and 
the metabolism of this portion of food was spoken of as a “IJuxus 
consumption,” a wasteful consumption. There were many deduc- 
tions from this general theory to explain particular points: of 
these two inay be mentioned: (1) In inanition, the urea dis- 
charged for the first few days is much greater than it is subse- 
quently: this was supposed to be due to the fact that in the first 
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few days all the floating capital was consumed ; (2) the 
of feeding with a mixture of gelatin and proveid was supposed to 
bo due to the fact that gelatin was able to replace “floating 
proteid," but not “ tissue proveid.” 

This theory of Voit’s, ingenious and plausible at first sight, 
has met with but little general acceptance, because so many 
observed facts are incompatible with it. 

Sir Michael Foster writes as follows: “The evidence we 
have tends to show that in muscle (taking it as an instance of 
a tissue) there exists a framework of what we may call more 
distinetly living substance, whose metabolism, though high in 
quality, docs not give rise to massive discharges of energy, and 
that the interstices, so to speak, of this framework are occupied 
by various kinds of material related in different degrees to this 
framework, and therefore deserving to be spoken of ay more or 
loss living, the chief part of the energy set free coming directly 
from the metabolism of some or other of this material. Both 
framework and intercalated material undergo metaboliam, and 
have in different degrees their anabolic and katabolic changes; 
both are concerned in the life of the organism, but one more 
directly than the other. We can, moreover, recognise no sharp 
break between the intercalated material and the lymph which 
bathes it; hence such phrases as ‘tissue proteid’ and * floating 
proteid' are undesirable if they are understood to imply « sharp 
line of demarcation between the ‘tissue’ and the blood or 
lymph, though useful as indicating two different lines or degrees 
of metabolism.” 

Sir John Burdon-Sanderson writes as follows: “'The production 
of urea and other nitrogenous metabolites is exclusively a funo- 
tion of ‘living material’; and this process is carried on in the 
organism with an activity which is dependent on the activity 
of the living substance itself, and on the quantity of material 
supplied to it. No evidence at present exists in favour of « 
“Juxns consumption ’ of proteid." 

Professor Hoppe-Seyler, after stating that he can make out no 
clear distinction between the two varieties of proteid from Voit’s 
own writings, proceeds as follows: “ Voit states that the eircu- 
lating proteid is no other than that which is dissolved in the tissue 
juice, which is derived from the lymph-stream, and ultimately 
from the circulating blood. He (Voit) further says: ‘As soon as 
the proteid of the blood-plasma leaves the blood-vessels, and cireu- 
lates among the tissue elements themselves, it is then the proveid 
of the nutrient fluid orcirculating proteid. Itis no longer proteid 
of the blood-plasma, nor yet is it the proteid of the lymph-stream.’ 
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Voit situates his circulating proteid ix Ahoched 
anatomist; it is in a mysterious space 
‘vensclt; and lymph-vessols ; is Great 
“equal difficulties, as there is apparently no chemical 
ween tissue proteid and circulating proteid, 1 can, 
arrive at no other conclusion than that these terms 
Sealine Wis gi there re 4 stag te ith ee 
a whore is as yet no positive We 
ledge. These criticisms on Voit's theories do not, howover, 
by any oe aa the importance and high value of the 
immense amount of practical research carried on by Voit and 

















é placed Sir Michael Foster's view first because it takes 
into aecount certain facts which tend toshow that there are degrees 
in metabolism. The most important of these is the formation 
of amido-acids in the intestine, It is an undoubted fact that 
by feeding an animal on leucine and other amido-acids, the 
urea is increased, ‘This transformation of leucine into urea 
occurs in the liver. It can hardly be supposed that leucine 

to any great extent an integral part of the living frame- 
work of the liver cells, but like other extractives, and like 
aromatic compounds absorbed from the alimentary canal, it 
becomes a part of what Foster terms the intercalated material. 
Here it undergoes the final change, und is ultimately and 
mtly very rapidly discharged in the urine. Dr. Sheridan 
Lea discussing the probable réle of the amido-acids in the animal 
economy, compares it to the part played by the salts of the food. 
Neither salts nor extractives simply pasa into the urine without 
falfilling a useful purpose on their way; but the exact and 
specific use of each, whether on the synthetic or analytic side of 
metabolic phenomena, must be the subject of renewed research. 











CHAPTER XL. 
ANIMAL HEAT. 


Amoxa the most important results of the chemical 
we sum up under the term metabolism, is the production of heat. 
Heat, like mechanical motion, is the result of the katabolic side 
of metabolic processes ; the result, or accompaniment, that is to 
say, of the formation of carbonic acid, water, urea, and other 


excreted products, 
“2 
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As regards temperature, snimals may be divided into two 
great classes -— 

(1) Warm-blooded or homoiothermal animals, or those which 
have an almost constant temperature. This class includes 
mammals and birds. 

(2) Cold-blooded or potkilothermal animals, or those whose 
temperature varies with that of the surrounding medium, being, 
always, however, a degree, or a fraction of a degree, above that 
of the medium. This class includes reptiles, amphibians, fish, 
embryonic birds and mammals, and probably most invertebrates. 

‘The temperature of a man in health varies but slightly, being 
between 36°5° and 37°5° C. (98° to 99° F.). Most mmmmaly 
have approximately the same temperature: horse, donkey, ox, 
37°5° to 38°; dog, cat, 38°5° to 39°; sheep, rabbit, 38° to 
39°57; mouse, 37°5°; rat, 37°9° Birds have a higher tempera- 
ture, about 42°C. The temperature varies a little in different 
parts of the body, that of the interior being greater than that of the 
surface ; the blood coming from the liver where chemical changes 
are ¥ery active ix warmer than that of the general circulation; 
the blood becomes rather cooler in its passage through the lungs 

‘The teniperatare also shows slight diurnal variations, reaching 
maximum about. or 5 t.x. (37°5° C.) and a minimum about 3 4.m. 
(36°8° ©.) ; that is, at a time when the functions of the body 
wre least active. If, however, the habits of a man are altered, and 
he sleeps in the day, working during the night, the times of the 
maximum and minimum temperatures are also inverted. Inani- 
tion causes the temperature to fall, and just at the onset of death 
it may be below 30° C. Active muscular exercise raises the tem- 
perature temporarily by about o°5° to 1° C. Diseases may cause 
the temperature to vary considerably, especially those which we 
term febrile (see p. 591). 

Although certain mechanical actions, such as friction, due to 
movements of various kinds, may contribute a minute share in 
the production of heat in the body, yet we have no knowledge 
as to the actual amount thus generated. The great source of 
heat is, as already stated, chemical action, especially oxidation. 
Any given oxidation will always produce the same amount of 
heat. ‘Thus, if we oxidise « gramme of carbon, a known amount 
of heat ix produced, whether the clement be free or in a chemical 

The following figures show the approximate number 
‘of heatunits produced by the combustion of one gramme of the 
following substances. A heatunit, or calorie, is the amount 
Of heat necessary to raise the temperature of one gramme of 
water 1° C. -— 
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Tt is, however, most important to remember that the “ physio- 
Jogical heat-value ”” of a food may be different from the “ physical 
heat-value,” f¢., the amount of heat produced by eombustion in 
the body may be different from that produced when the same 
amount of the same food is burnt in a calorimeter. This is 
the ease with the proteids, beeause they do not undergo complete 
combustion in the body, for each gramme of proteid yields a 
third of a gramme of urea, which has « considerable heat-value of 
itsown. Thus albumin, which, by complete combustion, yields 
4998 heat-units, has a physiological heat-value = 4998 minus 
one-third of the heat-value of urea (2205) =4998—735= 4263. 
Kubner has recently shown that this figure must be reduced to 
4009, tts some of the imperfoctly burnt products of decomposition 
of proteids escape as uric acid, creatinine, &c., in the urine, and 
there is a small quantity of similar substances in the frwces. 

Of the heat produced in the body, it is estimated by Helmbolts 
that about 7 per cent. is represented by external mechanical 
work, und that of the remainder about four-fifths are discharged 
by radiation, conduction, and evaporation from the skin, and 
the remaining fifth by the lungs and excreta. 

The following table exhibits the relation between the produc- 
tion and discharge of heat in twenty-four hours in the human 
organism at rest, estimated in calories.” ‘The table conveniently 
takes the form of » balance-sheet in which production and discharge 
of heat are compared ; to keep the body-temperature normal these 
must be equal. The basis of the table in the left-hand (income) 
side is the same as Ranke's diet (see p. 585) :— 

Prodwetivn wf heat. | Discharge of hent. 
rotell (ioogn) toox 4ood=4ooo00, | Warming water in food, 
Fat (100 gr.) . 105 x 9069=906,900 2°6 kilos. x ag 
Carbohydrates binary ee respiration, 
(250gr.) —. 250 x 3898=974.500 16 kilos. x25°x0'24= 96,000 
Evaporation in lungs, 

630 gr. 582= 366,660 

Radiation, evaporation, 
ete, at surface, =1,753,740 

















2,281,400 2.281.400 


ited ined 











* The calorie we are taking ia sometimes called the small calorie; by 
some the word calorie is used to denote the amount of heat nacessary to 
mise one kilogramme of water 1° C. 
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The figures under the heading Production are obtained by 





multiplying the weight of food by its physiological heat-value. 
‘The figures on the other side of the balance-sheet are obtained 
follows : The water in the food is reckoned as weighing 2°6 
This is supposed to be at the temperature of the air taken os 
12° ©, ; it has to be raised to the temperature of the body, 37°C. 
that is, through 25°C. Hence the weight of water multiplied by 
25 gives the number of calories expended in heating it The 
weight of air is taken as weighing 16 kilos.; this also has to be 
raised 25° C., and so to be multiplied by 25; it has further 
to be multiplied by the relative heat of air (o-24). The 630 
gmimmes of water evaporated in the lungs must be multiplied 
by the potential or latent heat of steam at 37° C. (582); the 
portion of heat lost by radiation, conduction, and evaporation 
from the skin constitutes about four-fifths of the whole, and is 
obtained by deducting the three previous amounts from the total, 
This table does not take into account the small quantities of heat 
lost with urine and fiwces. 

It need hardly be remarked that the above is a mere illustra- 
tive experiment. Changes in the diet, in the atmospheri¢ tem- 
perature, in the temperature of the food taken, in the activity 
of the sweat-glands, in the amount of moisture in the atmosphere, 
and in the amount of work done would considerably alter the 
above figures, 

Calorimetry.—Calorimeters employed in chemical operations 
are not suitable for experiments on living animals. An animal 
surrounded by ice or mercury, the melting and expansion of which 
respectively are measures of the amount of heat evolved, would be 
under sueh abnormal conditions that the results would be valueless. 
Lavoisier, however, used an ice calorimeter in his experiments on 
animals, : 
The apparatus often employed is the water calorimeter. This 
was first used by Crawford (1788). Dulong’s instrumentis shown 
in fig. 447. The animal is placed in a metal chamber, surrounded 
by a water-jacket. There are also tubes for the entrance and 
exit of the inspired and expired gases respectively. The heat 
given out by the animal warms the water in the jacket, and ix 
measured by the rise of temperature observed in the water, of 
which the volume is also known, The air which passes out from 
the chamber goes throngh « long spiral tube, passing, through the 
et, and thus the heat is abstracted from it and not lost 
Air-calorimeters are now, however, generally used. Fig. 448 
isan outline sketeh of the one which has been most ised in this 
country. 
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from affecting the air in the airspace. The chambers are 
made perfectly air-tight, except for the ventilating tubes AA, A’A’. 
By means of these, the chambers are filled with perfectly dry air 
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Th ander to make tho conditions in both chanabers as much alike aa possible, an wm 
‘eage should Ye placed i the other chamber, see ery. 


before the experiment is commenced. Leading from each air- 
space is a tube ; the two tubes are connected to the two limbs of 
‘ manometer (M) shaped as in the figure, and containing oil of 
erigeron. 

The action of the calorimeter is as follows:—In one chamber, 
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the animal, the heat production of which is to be asce 
placed within the cage C. In the other, hydrogen is burnt | 
Both chambers are shut, the tubes AA, AA’ being 
‘The heat given off from the animal warms its chamber, and 
increases the pressure of the air in the airspace between the two 
copper walls of the chamber. This would lead to movement of 
the fluid in the manometer but that the heat given off by the 
burning of the hydrogen ineneases at the same time the 

in the airspace between the walls of its chamber. This latter 
increase of pressure tends to make the fluid in the manometer 
move in the other direction. If the fluid in the manometer 
remains stationary, the amount of heat given off by the animal is 
equal to that produced by the burning hydrogen; and during 
an experiment the fluid in the manometer is kept stationary 
by turning the hydrogen flame up and down. The amount of 
hydrogen burnt is estimated by the amount of water formed, and 
the heat of combustion of hydrogen being known, it is perfectly 
easy to caloulate the calories produced, which equal those given 
off by the animal, 


Rogulation of the Temperature of Warm-blooded 
Animals. 


We have seen that heat is produced by combustion processes, 
and lost in various ways. In order to maintain a normal 
temperature, both sides of the balance-sheet must be equal. This 
equalisation may be produced by the production of heat adapting 
itself to variations in discharge, or by the discharge of heat 
adapting itself to variations in production, or lastly, and more 
probably, both sets of processes may adapt themselves mutually 
to one another, We have, therefore, to consider (1) regulation 
by variations in loss and (2) by variations in production. 

Regulation by Variations in Loss.—The two means of lows 
susceptible of any amount of variation are the lungs and the skin. 
The more air that passes in and out of the lungs, the greater will 
be the loss in warming the expired air and in evaporating the 
water of respiration. In such animals as the dog, which perspire 
but little, respiration is a most important means of regulating the 
temperature ; and in these animals a close connection is observed 
between the production of heat and the respiratory activity. The 
panting of a dog when overheated is a familiar instance of this. 
A dog also, under the same circumstances, puts out its tongue, 
and loses heat from the evaporation that occurs from its surface. 

he great regulator however, is undoubtedly the skin, and this 
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hus 4 double action. In the first place, it regulates the loss of 
heat by its vaso-motor mechanism; the more blood passing 
through the skin, the greater will be the loss of heat by con- 
duction, radiation, and evaporation. Conversely, the loss of heat 
is diminished by anything that leasens the amount of blood in the 
skin, such as constriction of the cutaneous vessels, or dilatation of 
the splanchnic vascular arca. In the second place, the special nerves 
of the sweat-glands are called into action. Familiar instances 
of the action of these two sets of nerves are the reddening of the 
skin and sweating that occurs after exercise, on a hot day, or in a 
hot-air or vapour bath, and the pallor of the skin and absence 
of sensible perspiration on the application of cold to the body. 

Regulation by Variations in Production.—The rate of produc- 
tion of heat in a living body, as determined by calorimetry, 
depends on a variety of circumstances, It varies in different 
kinds of animale. The general rate of katabolism of a man is 
greater than that of a dog, and of a dog greater than that of a 
rabbit. Probably every species has a specific coefficient, and 
every individual a personal coefficient of heat production, which 
is the expression of the inborn qualities proper to the living 
substance of the species and individual. Another factor is the 
proportion of the bulk of the animal to its surface area, the 
struggle for existence raising the specific cocfficient of the animals 
in which the ratio is high. Other important considerations ure 
the relation of the intake of food to metabolic processes, and the 
‘amount of muscular work which is performed. These various 
influences are themselves regulated by the nervous system, and 
physiologists have long suspected that afferent impulses arising in 
the skin or elsewhere may, through the central nervous tem, 
originate efferent impulses, the effect of which would be to 
increase or diminish the metabolism of the muscles and other 
organs, and by that means increase or diminish respectively the 
amount of heat there generated. That such a metabolic or 
thermogenic nervous mechanism does exist in warm-blooded 
animals is supported by the following experimental evidence :— 

(1) Though in cold-blooded animals a rise or fall of the 
surrounding temperature causes respectively a rise and fall of their 
metabolic activity, in a warm-blooded animal the effect is just the 
reverse. Warmth from the exterior demands a diminished pro- 
duction of heat in the interior, and vice versd. For exceptions, 

. 590. 

(2) That this is due to a reflex nervous impulse is supported 
by the fact that a warm-blooded animal, when poisoned by curare, 
no longer manifests its normal behaviour to external heat and cold, 
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but is affected in the same way as a cold-blooded animal. Section 
of the medulla produces the same effects, as the nerve-channels, 
by which the impulses travel, are severed. When curare is given, 
the reflex chain is broken at its muscular end, the poison exerting 
its influence on the end-plates, and causing « diminution of the 
chemical tonus of the muscles, The centro of this thermotaxic 
reflex mechanism must be situated somewhere above the spinal 
cord ; according to some observers, in the optic thalamus. 

(3) The reflex mechanism is well exemplified in shivering, here 
the muscles are thrown into involuntary contrition, and #0 
duce more heat, as the result of the stimulation of the skin by cold, 

(4) Various injuries caused by accident, or purposely produced 
by puncture, or cautery, or electrical stimulation of limited 
portions of the more central portions of the brain, may give rise 
to great increase of temperature, not accompanied by other 
marked symptoms, 

We thus see that the nervous system is intimately associated 
with the regulation of the temperature of the body. There is at 
least one—there may be several centres associated in this action. 
‘The centres receive afferent impulses from without; they send out 
efferent impulses by at least three sets of nerves: (1) the vaso- 
motor nerves, (2) the secretory nerves of the sweat-glands, (3) 
trophic or nutritional nerves, The first two sots of nerves, the 
‘vaso-motor and the secretory, affect the regulation of temperature 
on the side of discharge ; the third set on the side of production, 

‘The foregoing account of heat regulation does not take inte account what 
after all is, at any rate in man, a very intportant factor, namely, the yoluvtary 


and artificial means which be cmploys, such as various kinds of elothing 
suitable to the climate, heating of rooms. and voluntary muscular exercise. 







CHAPTER XLL 
THE CENTRAL NERVOUS SYSTEM, 


We already know sufficient from our preliminary study of 
hnerve-centres to be aware that the central nervous system is 
divided into the two main parts called the brain and spinal cord. 
We now return to the subject, and must enter into the somewhat 
complicated details of the construction and mode of action of 
these parts. « 

Fig. 449 shows the general arningement of the cerebro-spinal 
axis, and some anatomical details concerning the membranes that 
envelope the brain and conl may here conveniently be added, 
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Membranes of the Brain and Spinal Cord.—The Brain and Spinal 
Cord are enveloped in three membranes—(1) the Dura Mater, (2) the 
Arsebnoid, (3) the Pin 
Mater. 

(4) The Dura Mater, 
or external covering, is 
& tough membrane com: 
posed of bundles of 
connestive tissue which 
cross at various angles, 
and in whose interstices 
branched — connectire- 
tissue corpuscles lie : it 
is lined by a thin clastic 
membrane, on the inner 
surface of which is a 
layer of endothelial cells, 

(2) The Arachnoid ia 
4 much more delicate 
membrane, very similar 
in stracture to the dura 
mater, and Hned on ite 
oater or free surtace by 
an endothelial mem- 
brane 

(3) The Pia Mater of 
the coni consists of two 
layers between which 
umerous blood-veasels 
ramify. In that of the 
brain only theinnerof the 
two layers is represented. 
Between the arnchnoid 
and pin mater is a net~ 
work of fibrous tissue 
trubeculm sheathed with 
endothelial cells : these 
sub-arachnoid trabecol: 
divide up the sub-arach- 
noid space into a num- 
ber of irregalar sinuses, 
There arc some similar 
trabecule, but much 
fewer in number, tra- 
versing the sub-dural 
apace, ie, the spac 
between the dura mater 
and amehnoid 
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moved, and the roots and first part of the fifth 

and of all the spinal nerves of the right xide, have been dissected 
ely on the wall of the skull and on the several vertebrae oppos 
natural exit from the eranio-spinal cavity, (After Hourgery 
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Phechionian bodied are growths from the sub-arachnoid setwork of 
connective-tissue trabeculm which project through small holes in the inner 
layers of the dura mater into the venous sinuses of that membrane, 

venous sinuses of the dura mat been injected from the sub-arach- 
eae ca ta iaiameetiattss or aes Stloan sutgrom tae: 


In the chapters preceding this one we have seen how all per- 
vading nervous action is; in connection with circulation, respira- 
tion, seeretion, poristalsis, cte., the way in which such functions 
are regulated by nervous activity has taken up « considerable 
amount of space. Some of the facta there deseribed will be 
better understood, or be sven in a clearer light if the student 
turns back to them und studies them once more after he hus 
grasped what we are going to consider in the chapters that 
follow this on the physiology of the central nervous system. 

Tt would also be advisable before he begins this subject, that 
he should once more read Chap. XVIL on nerve-centres, in order 
to refresh his memory concerning the elementary and fanda- 
mental problems in relation to nervous activity in these regions, 


CHAPTER XLII. 
SYRUCTURE OF THE SPINAL CORD. 


‘Tax spinal cord is a column of nerve-substance connected 
above with the brain through the medium of the bulb, and 
situated in the spinul canal. In transverse section it is approxi- 
mately ciroular, but the cord is not of the same size throughout 
its course. It exhibits two enlargements, one in the cervical, 
the other in the lumbar region. These are the situations whence 
the large nerves for the supply of the limbs issue, The eord 
terminates below, about the lower border of the first lumbar 
vertebra, in a slender filament of grey substance, the silum 
terminale, which lies in the midst of the roots of many nerves 
forming the canda equina, 

Tt is composed of grey and white matter ; the white matter is 
situated externally, and constitutes its chief portion; the grey 
matter is in the interior, and is so arranged that in a transverse 
section of the cord it appears like two crescentic masses (the 
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through the centre of this isthmus in a longitudinal djrection 

« minute canal; in a transverse section it appears asa hole ; this 
central canal of the spinal cord is continued throughout its entire 
length, and opens above into the space at the back of the 
medulla oblongata and pons Varolii, called the fourth ventricle. 





o0te, the Gores of which pss 


Pound nerve: 7) the pot Dt 
ey a R, (Allen ‘Thomson,) 


It is lined by a layer of columnar ciliated epithelium, aud 
contains a fluid called cerebro-spinad fluid. 

The spinal cord consists of two symmetrical halves, separated 
anteriorly and posteriorly by vertical jsissures (the posterior 
fissure being deeper, but less wide and distinct than the 
anterior), and united in the middle by nervous matter which ix 
usually described as forming two commissures—an anterior com- 
missure in front of the central canal, consisting of medullated 
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nerve-fibros, and a posterior commissure behind the centr eval 
consisting also of medullated nerve-fibres, but with more nennoglia, 
which yives the grey aspect to this commissure (fy. 450, U) 
Each half pf the spinal cord is marked on the sides (obscurely at 
the lower part, but distinctly above) by two longitudinal furrows, 
which divide it into three portions, colamns, or tracts, an ariterion, 
lateral, and posterior, From the groove between the anterior and 
lateral columns spring the anterior roots of the spinal nerves 
(fig. 450, 8 and ©, 5); and just in front of the groove between the 
lateral and posterior column arise the posterior roots of the same 
(n, 6): a pair of roots on each side corresponds to each vertebra, 
White matter.—The white matter of the cond is made up — 
of medullated nerve-fibres, of different sives, arranged longitudi- 
ually, and of a supporting material of two kinds, viz.:—(a) ordi- 
nary fibrous connective-tissue with elastic fibres, which is eon- 
uected with septa from the pia mater which pass into the cord 
to carry the blood-veasels. (4) Neuroglia; the processes of the 
nenroglia-cella are arranged so as to support the nerve-fibres 
which are without the usual external nerve sheaths. 
The general rale respecting the size of different parts of the 
cord is, that each part is im direct proportion to the size and 
number of nerve-roots given off from it, Thus the cord is very 
large in the middle and lower part of its cervical portion, whence 
arise the large nerve-roots for the formation of the brachial 
plexuses and the supply of the upper extremities; it again 
enlarges at the lowest part of its dorsal portion and the upper 
part of its lumbar, at the origins of the large nerves which, 
after forming the lumbar and sacral plexuses, are distributed to 
the lower extremities. The chief cause of the greater sixe at 
these parts of the spinal cord is increase in the quantity of grey 
matter ; the white part of the cord (especially the lateral columns) 
becomes gradually and progressively smallor from above down- 
wards, because a certain number of fibres coming down from the 
brain pass into the spinal grey matter at different Jovels, 
Grey matter.—The grey matter of the cord consists of nerve- 
fibres, most of which are very fine and delicate, of nerve-cells 
with branching processes, and of an extremely delicate network 
of the primitive fibrille of axis-cylinders and of dendrites. This 
fine plexus is called Gerlach’s network, and is mingled with the 
meshes of newroglia. The neuroglia of the grey matter resembles 
that of the white, bnt instead of everywhere forming a close net~ 
work to support the nerve-fibres, here and there it is in the form 
of 1 more open sponge-work to support the nerve-cells, It i# 
especially developed around the central canal, which is lined ‘with 
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columnar ciliated epithelium, the eells of which at their outer end 
terminate in fine processes, which join the neuroglia network 
surrounding the canal, and form the suistantin gelatinowa centralis, 
pda a Aa are the tip of the posterior cornu of grey 
matter, forming what is known as the swhrtantia gelatinosa 
lateralis of Rolando, which is much enlarged in the upper cervical 


Groups of cells in grey matter. —The multipolar cells are either 
scattered singly or arranged in groups, of which the following are 
to be distinguished on either side—certain of the groups being 





1. Rection of grey matter of snterjor ecrna of & cal? spinal cord 4, nerve: 
ot ee in transverse ‘axis-eylinder in contre of each ; 
large lalate norve-ella With Ute auclal usd proloogatican(Cadian) 


more or less marked in all of the regions of the cord, vix., 
those (a) in the anterior cornu and (6) those in the posterior 
cornu. 

(a) The cells in the anterior cornu are lange and branching, 
and each gives rise to an axis-cylinder process which passes out 
in the anterior nerve-root. These oells are everywhere con- 
spicuous, but are particularly numerous in the cervical and lumbar 
enlargements, In these districts they may be divided into several 
groups—(i.) a group of large cells close to the tip of the inner 
part. of the anterior cornu—most of the cella of the anterior 
cornu in the dorsal or thoracie region are said to belong to this 
group ; (ii.) several lateral groups (2a, 24, and 2¢, fig. 452) on the 
outer side of the grey matter, and (iii.) a certain number of cells 
at the base of the inner part of the anterior cornu particularly 
well marked in the thoracic region, 
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(4) Cells of the posterior cornu—these are not numerous ; they, 
are small and branched, and each has an axis-cylinder process 
passing off; but these processes do not pass into the posterior 
nerve-roots, The groups are two at least in number, viz, (i.) in 
connection with the edge of the grey matter externally, where it 
is considerably broken up by the passage of bundles of fibres 
through it, and called the fateral reticular formation ; and (ii.) in 
connection with a similar reticular formation, more at the tip of 








Pig. 452.—Reation of spinal cond (corvieal cae Ralf of which, (eft) shows the 
Sor Speen ee ee 
fr 2 4c & and B, of ascending degeneration, Geunidiagrammatic. (After Aberringtao.} 


the grey matter of the posterior cornu; this is known as the 
posterior reticular formation. 

The other groups of cells (not represented in fig. 452) are 
confined to the thoracic region of the cord, and are two in num- 
bor, viz. : one situated at the base of the posterior cornu, formed 
of large fusiform cells, constitutes the posterior vesicular column 
of Lockhart Clarke (fig. 456, ¢ 0), and the other situated on the 
outer portion of the grey matter, about midway between the 
anterior and posterior cornua, constitutes the cells of the inter- 
mediolateral tract (fig. 456, 1 1). These cells are small and 
spindle-shaped, and are found in the upper lumbar as well as in 
the thoracic region, 

Columns and tracts in the white matter of the spinal cord—In 
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addition to the columns of the white matter which are marked 
out by the points from which the nerve-roots issue, and which 

anterior, the (ateral and the posterior, the posterior 
is farther divided by a septum of the pia mater into two almost 
‘equal parts, constituting the postero-external column, or coltnn 
of Burdach (fig. 452, 2), and the postero-median, or column of 
Goll (fig. 452, 1). In addition to these columns, however, it 
has been shown that the white matter can be still further sub- 
divided. This subdivision has been accomplished by evidence 
of several kinds, that the parts, or as they are called, tracts in 
the white matter, perform different functions in the conduction 
of impulses. 

The methods of observation are the following :— 

(a) The embryologicat method. It has been found by examine 
ing the spinal cord at different stages of its development that 
certain groups of the nerve-fibres put on their myelin sheath at 
earlier periods than others, and that the different groups of fibres 
can therefore be traced in various directions, This is also known 
ag the method of Flechsig, 

(6) Wallerian or degeneration method.—This method depends 
upon the fact that if a nerve-fibre is separated from its nerve- 
cell, it wastes or degenerates, It consista in tracing the course of 
tracts of degenerated fibres, which result from an injury to any part 
of the central nervous system. When fibres degenerate below 
lesion the tract is said to be of descending degeneration, and when 
the fibres degenerate in the opposite direction, the tract is one of 

degeneration. By the modern methods employed in 
staining the central nervous system, it has proved comparatively 
easy to distinguish degenerated parts in sections of the cord and 
of other portions of the central nervous system, Degenerated 
fibres have «# different staining reaction when the sections 
ure stained by what are called Weigert’s and Pal's methods, 
which consist in subjecting them to a special solution of 
hematoxylin, and then to special differentiating solutions, ‘The 
degenerated fibres appear light yellow, whereas the healthy fibres 
are a deep blue. Marchi’s method is even better. After hard 
ing in Miller's fluid Marchi’s solution (a mixture of Miller's fluid 
and-osmnic acid), stains degenerated fibres black, and leaves. the 
rest of the tisstie unstained. dents to the central nervous 
4ystem in inan haye given us much information upon this sub- 
ject, but this has of late years beon supplemented and largely 
extended by experiments on animals, particularly upon monkeys ; 
and considerable light has been shed upon the conduction of 
impulses to and from the nervous system by the study of the 

Kt, RR 
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rostlte of section of different parte of the senteal vv se, 
and of the spinal nerve-roots. 

By these methods the cockarhs ahi-ehdlt Se 
been mapped out, and the principal ones are shown in the left 
half of fig. 452. Bat as they are there all put together, it will 
be a better way of studying the subject to enumerate ‘the 
ascending and descending tracts with separate diagrams. 

It will be convenient to begin by considering the result of 
cutting through the roots of the spinal nerves. 

Catting the anterior roots produces no degeneration in the 
cord; the fibres of the anterior roots come off from the 

cells of the anterior horn, and degeneration ix found only on the 
distal side of the point of section, in the motor nerve-fibres of 
the nerves. 

Cutting the posterior roots between the spinal yunglia and the 
cord leaves the peripheral part of the nerve healthy, and degene- 
ration occurs in the portion of the root which runs into the cord, 
because the fibres are cut off from the cells of the spinal ganglion 
from which they grew. These degenerated nerve-ibres may be 
traced up the cord for « considerable distance. Kach posterior 
root-fibre when it enters the cord bifureates, the main branch 
passing upwards, and the shorter branch downwards, 40 that the 
degeneration ix seen in a xroall tract called the comma tract 
(fg. 452, 3) immediately below the point of entrance of the cut 
posterior root. The upgoing fibre is contained in the posterior 
column of white matter, and it terminates in one or other collec- 
tion of grey matter either in the cord itself, or in the medulla 
objongata. 

Fig. 453 represents in a schematic way the manner in which 
the fibres of the two roots of a spinal uerve are conneeted to the 
grey matter in the cord. 

1, 2, 3, 4 represent four cells of the anterior horn. Hach gives 
rise to an axiscylinder, process A, one of which ix shown 
terminating in its final ramification in the end plate of a muscular 
fibre M. Each of these four cells is further surrounded by an 
arborisation (synapse) derived from the fibres of the pyramidal 
tract P, which comes down from the brain. 

According to Schiifer’s recent work, the pyramidal fibres really 
terminate around the cells at the base of the posterior born 
these cells therefore act as intermediate cell-stations on the way 
to those in the anterior horn. This is not shown in the diagram. 

A fibre of the posterior root is also shown; this originates from 
the coll G of the spinal ganglion; the process of this cell bifureates, 
one branch (B) passing to the periphery where it ends in-an 
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arborescence in the skin (S); the arrow by the side of this branch 
represents the direction of conduction of the sensory impulses 
from the skin. An arrow in the opposite direction would indicate 
the direction of its growth. The other branch C passes into the 
spinal cord, where it again bifurcates ; the branch E, a short one, 
passes downwards and ends in an arborisation around one of the 
amall cells P, of the posterior cornu; from which a new axie- 





Fig. 453 —Cousse of nervo-Gbres in spinal cord. (After Schafer.) 


cylinder arises, aud terminates around one of the multipolar 
cells (4) of the materior horn. 

The nin division D travels up in the posterior column of the 
cord, and ends in grey matter at various levels. Some collaterals 
(5) terminate Ly arborising directly uround the auterior cormual 
cells, principally of the ame side ; others (6) do ao with an inter- 
mediate cell station in a posterior coruual cell P,; others (7) 
arborise around the cells of Clarke’s column (C) in the thoracic 
region of the cord, and from theve cells fresh axis-cylinders carry 
up the impulse to the cerebellum in what is called the direct 
cerebellar tract, while the main fibre (8) may terminate in any of 
these ways ata higher level in the cord, or above the cord in 

BE2 
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the medulla oblongata. When we become acquainted with the 
structure of the medulla oblongata, we shall be able to trace 
these fibres further (sce fig. 484). 

In general terms the anterior root-fibres out of the grey 
matter of the anterior horns, and ction a dhcrtvoodrab eects 
spinal cord in the anterior spinal nerve-roots, The posterior roots 
on the other hand do not pass to any great extent into the grey 
matter immediately, but into the white matter on the inner side 
of the posterior horn ; in other words they go into the column of 
Burdach (fig. 452, 2); they pass up in this column but gredually 
approach the middle line, and are continued upwards to the 
medulla in the column of Goll ; but as they go up they become 
Jess numerous, a8 some terminate in the grey matter of the cord 


Gott 





Fig. 454—Degenoration in column of Goll after section of posterior narve-roots, 


on the way in the manner described. A few fibres of the posterior 
root, however, travel for a short distance in a small tract on the 
outer side of the posterior horn ; this is called the tract of Lis- 
swuer (4 in fig. 452); the comma tract (3 in fig..452) has been 
already explained. 

Suppose now one cuts through several posterior roots between 
the spinal ganglia and the cord, so that the course of degenora- 
tion may be more readily traced. Immediately below the points 
of entrance of these nerve-roots, the comma tract will be found 
degenerated ; immediately above, the degenerated tibres will be 
found in the column of Burdach ; higher np in the cord they will 
be less numerous, and have approached the middle line; the fibres 
which enter the cord lowest get ultimately nearest the middle 
line, 80 that the greater part of the column of Goll is made np of 

sensory fibres from the legs; the fibres which enter the cord last, 
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for instance those from the upper limbs and neck, pursue their 
course in the inner part of the column of Burdach, 

‘The preceding figure (fig. 454) shows the degeneration in a 
seetion of the spinal cord, after the division of a number of 
herve-roots on one side. The microscopic section ix taken high 
up, so that all the degenerated fibres have passed into the 
column of Goll on the same side; the inner set (1) are shaded 
differently from the outer set (2), indicating that those nearest 
the middle line come from the lowest nerve-roots. 

‘We may pass from this to consider the tracts of degeneration 
that occur when the spinal cord is cut right across in the thoracic 
region. Some tracts will be found degenerated in the piece of 

- cord below the lesion ; these consist of nerve-fibres that are 





Direct Pyramidat 
Fig. 455.—Descending tracts of degenerntion, 


connected with the nerve-cells in the brain; they are called the 
pyramidal tracts. Other tracts are found degenerated in the 
piece of cord above the lesion ; these consist of nerve-fibres that 
are connected with the nerve-cells of the spinal ganglia, or with 
the cells of the spinal cord itself below the lesion and are passing 
upwards, 

‘The tracts which degencrate downwards are the motor tracts ; 
the tracts that degenerate upwards are the sonsory tracts. 

If the animal is killed a few weeks after the operation, its cord 
removed, and microscopic sections of it made and stained in an 
appropriate manner, the ascending tracts will be found degene- 
rated in the piece of cord above the lesion ; the descending tracts 
degenerated in the piece of cord below the lesion. These are 
shown in figs. 455 and 456. 

Tracts of descending degenoration (fig. 455). 

(i.) ‘The crossed pyramidal tract.—This tract is situated in the 
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Dd 
latoral column on the outer side of the posterior corm of 
matter, At the lower part of the spinal cord it extends to | 
margin, but higher ap it becomes displaced from this position by 
the interpolation of another tract of fibres, to be presently 
described, vix., the direct cerebellar tract. The crossed r 
tract is large, and may touch the grey matter at the tip of the 
posterior cornu but is separated from it elsewhere. Its shape 
‘on eross section is somewhat like a lens, but varies in different 
regions of the cord, and diminishes in size from the cervical 
region downwands, its fibres passing off as they descend, to 
arborise around the nerve-cells and their branchings in the grey 
matter of the cord. The fibres of which this tract is composed 
are moderately large, but are mixed with some that are smaller. 

(ii) The direct or wnerossed pyramidal tract,—This tract is 
‘situated in the anterior column by the side of the anterior fissure, 
It is smaller than (i.), and is hot present in all animals, though 
conspicuous in the human cord. It ean be traced upwards to the 
brain, and downwends as far as the mid or lower thoracic region, 
where it ends. 

The two pyramidal tracts come down from the brain; in the 
medulla oblongata, the greater number of the pyramidal fibres 
cross over to the other side of the cord which they descend; hence 
the term crossed pyramidal tract; a smaller collection of the 
pyramidal fibros goes straight on, on the same side of the cord, and 
these cross at different levels in the anterior commissure of the 
cord lower down; hence the disappearance of the direct pyramidal 
tract in the lower part of the cord. The fuct that the crossed 
pyramidal tract of one side is the fellow of the direct i 
tract of the other side, is indicated in the diagram by the direo- 
tion of shading 

(iii,.) Antero-tateral descending tract. — An extensive tract, 
elongated but narrow, and reaching from the crossed to the direct 
pyramidal tract, It is a mixed tract, since not all of its fibres 
degonerate below the lesion, 

(iv,) Comma tract is a small tract of fibres which degenerate 
below section or injury of the cord. It is only found for a few 
millimetres below the actual lesion ; though it degenerates down- 
wards it is in reality a sensory tract, being composed, as we 
have already seen, of the branches of the entering posterior 
root-fibres which pass downwards on entering the cord. 

Tracts of ascending degeneration (fig. 456). 

i.) Postero-median column.—This tract degenerates npwards on 
injury. or on section of the cord, as well as on section of the 
posterior nerve-roots. It exists throughout the whole of the cord 
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from helow up, and can be treed into the bulb. It consists of 
fine fibres, The figure represents a microscopic section prepared 
from a piece of cord some distance above the injury, so that the 
degenerated fibres which begin in the column of Burdach have 
passed into the column of Goll. 

(ii) Dorsal or direct cerebellar tract.—This tract is situated on 
the outer part of the vord between the crossed pyramidal tract 
and the margin. It is found in the cervical, thoracic, and upper 
lumbar regions of the cord, and increases in size from below 
upwards, It degenerates on injury or section of the cord itself, 
but not on section of the posterior nerve-roots. As its name 
implies, it passes up into the cerebellum... Its fibres are large, 
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coutined to the voluntary muscles, but includes the musealar fibres 
of the blood-vesiels and viseera. Henee there is fall of blood 
pressure, paralysis of sphincters, ete. 

2. Loss of sensation in the same regions. 

3. Degeneration, asvending and descending, on both sides of 
the cord. 

Hemisection.—If the operation performed is not a complete 
cutting of the spinal cord across transversely, but a entting of 
half the cord across, it is termed hemisection. 

This operation leads to :— 

1. Loss of motion of the parts supplied by the nerves below 
the section on the same side of the body ax the injury. 

2. Loss of sensation in the same region. The loss of sensation 
is uot a very prominent symptom, and is limited to the sense of 
localisation and the muscular sense. The animal can still feel 
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commissure is short am! extremely oarrow. The cord is eirealar on trans 
verse section, 

At the upper part of the eonws medullaris, whiob is the portion of the cord 
fmmediately below the lumbar enlargement, the grey substance occupier 
nearly the whole of the transverse section, as it fs only invested by a thin 
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Pik. a57-—The above diagrams. ure reproductions of photomicrographs froma the spinal 
‘cord of a monkey in which the uperation of left hemisection had been performed 
some weeks previously (Mott), The mections were stained by Weigert's method, by 
whioh the grey matter is blesched, while the healthy white matter remains dazk blue, 
‘The degenerated tracts ure also bleached. -A iva section of the cond in the thoracte 
region bolow the lesion; the crossed pyramidal tract I» degenerated. B is a soction 
Jower down in the lumbar enlargement; the degencrated pyramidal tract is now 
fivaller, C isa section in the thorucie region some Little distance abure the lesion. 
Tho 4 ted tracts neon are in the outer part of Goll’s column and in the direct 
cerehellar tract. Db is x pcotion higher up im the cervical region; the degeneration in 
Goll’ecolamn naw oveupies a median position : the darenerstions In the direct cerebellar 
tnot, wd in tho tract of Gowers are also well shown. Notice that in all cases, the 
Angeberated tracts are on the same side as the injury 

















layer of white substance. This thin layer is wanting in the noilgbbourhood 
the posterior nerve-rootk. The grey commissure is extremely thick 
Af the lovel of the ffth moral nerve tho grey matter is also in cxcess, 
and the central canal is enlarged, appearing T-shaped in section ; whilst in 
the upper portion of the filum terminale the grey matter is uniform in shape 
without any central canal 
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CHAPTER XLITM. 
NE BRATN. 


A srupesr’s first glance at a braiu, or at such a drawing of it 
as is given in fig. 458, will be sufficient to convince him of its 
complicated structure. It certainly is extremely complex, but by 
studying it systematically we shall tind that a knowledge of the 
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essential facts in its anatomy will be attainable with comparative 
ease. An acquaintance with the stracture of the brain is, more- 
over, essential for understanding its functions. So we shall 
devote this and a few succeeding chapters to anatomical conside- 
nitions, before passing on to the study of its physiology. 
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An outline diagram of its parts, such as ix presented in the 
next figure, will indicate the various parts of the brin which we 
shall have to take into consideration. 

At the lowest part of the brain, continuing the spinal cord 
upwards, i4 the medulla oblongata or bulb (D). Next comes the 
pons Farolit (C), very appropriately called the bridge, because in 
it are the connections between the bulb and the 1 regions of 
the brain, and between the eerebellmm or stnall ee es and the 
rest of the nervous system. 





459.—Pian in outline of the brain, nm from the it idle, ‘The party 
baad ee ats Se ae eae 
show A. cerebrum Ay i 





The mid-brain comes next (a, 6), and thi 
or crura of the cerebrum (A), the Targest 

Through the brain rans a cavity filled with cerebrospinal fluid, 
and lined by ciliated epithelium ; this is continuons with the 
central canal of the spinal cord. In the brain, however, it does 
not remain a simple canal, but is enlarged at intervals into what 
are called the ventricles, There is oue ventricle in each half or 
hemisphere of the cerebrum; these are called the lateral ventricles, 
they open into the third ventricle, which is in the middle line; 
and then a narrow canal (aguedwet of Syluius) leads from this to 
the fourth ventricle, which is placed on the back of the bulb and 
pons, which form its floor ; its roof is formed partly by the over- 
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hanging cerebellum (fig. 459), partly by pia mater, This piece 
of pia mater ix pierced by a hole (Foramen of Aagendie), and 80 
the cerebrospinal fluid in the interior 
of the cerebrospinal cavity is eon~ 
tinnous with that which bathes the 
external surface of brain and cord in 
the subarachnoid space. The fourth 
ventricle leads into the central canal 
of the spinal cord, The fifth ventricle 
in the central structures of the brain 
does not communicate with the others 
The cerebrospinal fluid isa thin watery 
fluid, containing # small quantity of 
salts and proteids in solution, and « 
substance which gives Trommer’s test 
for sugur ; it is, however, not sugar, 
but a substance of the aromatic group, 
allied to pyrocatechin. 

Before passing on to describe these 
portions of the brain one by one, it 
will be convenient to state first a few 
general facts. 

(i.) In the uli ; at the lower part, the 
distribution of grey matter follows 
that which prevails in the cord. Higher 
up the chief part is found towards the 
posterior or dorsal aspect, surrounding 
the central canal. When the central 
canal opens out into the fourth ven- 
tricle, the grey matter comes to that 
surface chiefly, and is found to consist 
more particularly, on either side, of the 
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olives and the external arewate nuclei, 

placed at the tip of the anterior fissure on either side on 
the ventral surface of the anterior pyramids. 

ii.) Jn the pons Varolii—In addition to the origins of nerves 

in the floor of the fourth ventricle on the dorsal aspect of the 


the third and fourth nerves) and in other parts of 
notably such masses as the red nucleus and substantia nigra, 





ba ae eg Td 
joining Pe'and Fy, (Huxley.) 

material of the white matter. In the interior too there are 

masses of grey matter forming the corpora dentata. 

Speaking generally, there are two main collections of grey 
matter—that on the surface, and that in the interior bordering 
on the cerebro-spinal cavity, and subdivided into various masses 
(corpora striata, optic thalami, &c.), whose names have been men- 
tioned, but whose closer acquaintance we shall make presently. 

‘The cerebral or cranial nerves, some of which have also been 
mentioned, are those which originate from the brain; there are 
twelve pairs of these altogether, and all of them, with the excep- 
tion of the first and second, originate from nerve-cells in the grey 
matter of the floor of the fourth ventricle or its immediate 
neighbourhood. 

Tn the fetus the central nervous system is formed by an in- 
folding of a portion of the surface epiblast. This becomes a tube 
of nervous matter, which loses all connection with the surface of 











622 STRUCTURE OF THE BULB, PONS, & MID-BRAEN, [ow xtav. 


the body, though later in life this is ina sense re-established by 
the nerves that grow from the brain and cond to the surface. 
The anterior end of this tube becomes greatly thickened, to form 
the brain, its cavity becoming the cerebral ventricles ; the rest 
of the tube becomes the spinal cord. ‘The primitive brain is at 
first subdivided into three parts, the primary cerebral vesicles ; 
the first and third of these again subdivide, so that there are 
ultimately five divisions, which have received the following 
ames 

1. Pros-encephalon, or fore rain. This is developed into 
the cerebrum with the corpora striata. It encloses the lateral 
ventricles, 

2. Thalam-oncephalon, or twirt brein. This is developed 
into the parts including the optic thalami, which enclose the 
third ventricle. 

3. Mos-oncephalon, or mid drain, consists of the parts which 
enclose the aqueduct of Sylvius—namely, the corpora quadri- 
gemina, which form its dorsal, and the erura cerebri, which form 
ita ventral aspect. 

4- Ep-encephalon, or find train, which forms the cere- 
bellum and pons. 

5. Met-encephalon, or after brain, which forms the bulb or 
medulla oblongata. 

Figs. 460 and 461 represent « diagrammatic view of a verte- 
brate brain; the attachment of the pineal gland, pituitary body, 
and olfactory (I) and optic (11) nerves is also shown. 


CHAPTER XLIY, 
STRUCTURE OF THE BULB, PONS, AND MID-BRAIN, 


Wn may study the bulb and pons by examining first the 
anterior or ventral, then the posterior or dorsal aspect, and last 
of all the interior. 


Antorior Aspect. 


The bulb is seen to be roughly shaped, like an inverted trun- 
cated cone, larger than the spinal cord, and enlarging as it goes 
up until it terminates in the still larger pons (fig. 462, p). In the 
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middle line is a groove, which is a continuation upwards of the 
anterior median fissure of the spinal cord; the columns of the 
bulb are, speaking roughly, continuations upwards of those of the 
cord, but there is a considerable rearrangement of the fibres in 
each, Thos the prominent columns in the middle line, called 
the pyramids (4.4), are composed of the pyramidal fibres, which 
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in the spinal cord are situated principally in the lateral eolurnns 
of the opposite side (crossed pyramidal tracts). The decnssation 
or crossing Of the pyramids (6) occurs at their lower part; a 
small collection of the pyramidal fibres is, however, continued down 
the cord in the anterior column of the same side of the cord 
(direct pyramidal tract): these cross at different levela in the 
cord. 

On the outer side of cach pyramid is an oval prominence (c e), 
which is not represented in the spinal cord at all. These are 
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called the olivary bodies or olives; they consist. of white matter 
outside, with grey and white matter in their interior, 

The restiform bodies at the sides (d d) are the continyation 
upwards of those fibres from cord and bulb which enter the 
cerebellum, and the upper part of each restiform body is called 
the inferior pedwncle of the cerebellum.” 


Posterior Aspect. 


Fig. 463 shows a surface view of the back of the bulb, 
pons, and mid-brain. Again we recognise some of the parts of 
the spinal cord continued upwards, though generally with new 
names, and again we see certain new structures, 

‘The posterior median fixsure is continued upwards, and on each 
side of it is the prolongation upwards of the posterior columns of 
the cord. The column of Goll is now called the Mwaioulus gracilis, 
and the column of Burdach the Funiculus ewneatws, 

The two funiouli graciles lie at first side by side, but soon 
diverge and form the two lower boundaries of a diamond-shaped 
space called the floor of the fourth ventricle ; this is made of 
grey matter ; the central canal of the cord gets nearer and nearer 
to the dorsal surface of the bulb, till at last it opens out on the 
back of the bulb, and its surrounding grey matter is spread out 
to form the floor of the fourth ventricle. ‘The two upper boun- 
daries of the diamond-shaped space are made by the superior 
peduncles of the cerebellum, which contain fibres coming down 
through the mid-brain from the cerebrum. The middle peduncles 
of the cerebellum are principally made up of fibres running from 
one cerebellar hemisphere towards the other through the 

Running down the centre of the floor of the fourth ventricle 
is a shallow groove ; on each side of this is a rounded Jongitudinal 
eminence called the funiculus teres ; ruuning across the middle of 
the floor are a number of fibres (the striw acustice), which join 
the auditory nerve. 

In the upper part of the diagram the mid-brain, with the 
conpora quadrigemina (aa, & 2), is shown, Here there is once 
more a canal which penetrates the substance of the mid-brain, 
and is called the aqueduct of Syluius, or the éter a tertio ad 
quartun ventriculn ; it leads, ws its second name indicates, from 
the third to the fourth ventricle. 


* Each half of the cerebellum has three peduncles : inferior, middle, and 
superior. 





—. ‘Origin of the Cranial Nerves. 


‘Each cranial nerve arises from a collection or collections of 
nerve-cells situated in the grey matter; these collections are 
called nuclei of origin, The nerve-fibres run a certain distance 

the brain substance and then pass away to their destina- 
tions, The region of the brain’s surface where the nerve leaves 
it, is often spoken of as the superficial origin of the nerve. 

There are twelve pairs of crnial nerves altogether, and of 
these ten originate from the floor of the fourth ventricle or the 
noighbouring grey matter. Fig. 464 is a diagram to show the 
nuelei of origin of these ten nerves (3rd to the 12th), ‘The first 
two pairs of nerves will be described more fully later. In the 
following brief account of the cranial nerves, it will be noticed 
that imany of them are either wholly motor, or wholly sensory in 
function. . 

1. Olfactory nerve.—This is the nerve of smell, 

2. Optic nerve.—This is the nerve of sight. 

3» Motor ceuli.—This is wholly motor, It supplies the follow- 
ing extrinsic eye-museles : superior rectus, inferior rectus, internal 
rectus, inferior oblique and levator palpebrw ; and the following 
intrinsic eye-muscles (f.¢ within the eyeball itself) -—the ciliary 
muscle, and the sphincter fibres of the iris. Its deep origin is in 
the grey matter on the side of the Sylvian aqueduct underneath 









the corpora quadrigemina close-to the middle line. The anterior — 


part of the nucleus is composed of small cells from which nerve- 
fibres originate for the ciliary muscle und sphincter of the 
iris ; the other muscles mentioned are supplied by fibres from 
the larger cells of the posterior part of the nucleus, 

4. Trochlear.—This is wholly motor too. It supplies the 
superior oblique muscle of the eyeball, It takes origin from the 
yrey matter immediately below the centre of the third, but 
slightly more lateral in position ; its centre is connected with 
that of the third and sixth nerves, 

6. Abducena—It is convenient to take this next. Tt also is 
wholly motor, supplying the external rectus of the eyeball. Its 
centre is beneath the eminentia teres in the upper part of the 
floor of the fourth ventricle, near the middle line. By the 
posterior longitudinal bundle it is connected to the nucleus of 
the third nerve of the opposite side, and thus it partially supplies 
the internal rectus of the opposite side. 

5. Trigeminal.—Thia is a mixed nerve. Its smaller motor 
division supplies the muscles of mastication, the tensors of the 
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palate and tympanum, the mylo-hyoid, and the anterior belly 
of the digastric; its larger sensory division, the Gasserinn 
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ganglion on which corresponds to the spinal ganglion on « spinal 
merve, is the great sensory nerve of the fuce and head. Its 
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| bap erigtn "te leo: double. Tho ‘motor centre! ia:tnternal to: the 
sensory, and from it reach # number of fibres stretching 
upwards as far ws the anterior corpus quadrigeminam ; this is 
termed its descending root; it is also connected with the locus 
cwrulen. The sensory centre or nucleux outside the motor has 
connected with it a tract of fibres from the cord as low as the 
second cervical nerve (ascending root). 

7- Facial.—This is the yreat motor nerve of the face muscles. 
Tt also supplies the platysma, the stapedius, stylo-hyoid, and 
posterior belly of the digastric. When it is paralysed, the mus- 
cles of the face being all powerless, the countenance acquires on 
the paralysed side a characteristic, vacant look, from the absence 
of all expression: the angle of the mouth is lower, and the para- 
lysed half of the mouth looks longer than that on the other side ; 
the eye has an unmeaning stare, owing to the paralysis of the 
orbicularis palpebraram. All these poouliarities are 
when at any time the muscles of the opposite side of the face 
are made active in any expression, or in any of their ordinary 
functions. In an attempt to blow or whistle, one side of the mouth 
and cheeks acta properly, but the other side is motionless, or flaps 
loosely at the impulse of the expired air; so in trying to suck, 
one side only of the mouth acts; in feeding, the lips and cheek 
are powerless, and on account of paralysis of the buceinator 
muscle, food lodges between the cheek and gums. 

The deep origin of this nerve ix shown in the diagram below 
that of the fifth, and to the outer side of that of the sixth nerve. 

‘The chorda tympani, which is generally described as « branch 
of this nerve, is probably a continuation of the pars intermodia, 
which is connected with the upper part of the glosao-pharyngeal 
nucleus. 

8. Auditory.—This nerve leaves the hinder margin of the pons 
by two roots. One winds round the restiform body dorsal to it, 
and the other passes ventro-mesially on the other side of the 
restiform body. The former is enlled the dorsal root. The latter 
is called the ventral root, The dorsal root contains a large 
number of nerve-cells, which give origin to many of its fibres. 
Ventral to the restiform body and between the two roots is 
another mass of ganglion cells, the accessory auditory nucleus. 
Higher up these two collections of cells blend to form a ventral 
nucteus, for this division of the auditory nerve. Some of the 
fibres of this root are superficial in position, and form the strin 
acustioe across the ventricular floor. This root becomes the 
cochlear branch of the auditory nerve; it is the auditory nerve 
proper, and it is distributed to the cochlea of the internal 
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car, The ventral root originates from a collection of nerve-cells 
external to the glosso-pharyngeal nucleus, called the inner or 
dorsal auditory nucleus. This root becomes the vestibular division 
of the auditory nerve and is distributed to the vestibule and 
ampulle of the semicircular canals of the internal ear, The 
vestibular (Scarpa’s) ganglion on the vestibular portion and the 
spiral ganglion on the cochlear division have bipolar cella aud 
represent a spinal ganglion (see Ear), 

Veutral to the inner auditory nucleus is a collection of large 
nerve-cells, formerly called the outer auditory nucleus, but now 
known as the nucleus of Deiters, Its cells arc connected with those 
of the cerebellum. 

9, 10, 11.—These three nerves are called respectively the 
glossopharyngeal, vagua or yreumogustric, and spinal accessory. 
They arise from an Arca of grey matter, reaching from about the 
middle of the floor of the fourth ventricle down into the spinal 
cord, a8 low as the origin of the sixth or seventh cervieal nerves, 
The nuclei of the three nerves are closely connected with each 
other. 

In addition to this combined! nuclews, which is composed of 
small cells, there are certain lateral contributions, namely :— 
i. the mwcleue amdriquus, a large celled nucleus, which lies on 
the lateral side of the reticular formation and is an accessory 
origin of the vagus and glosso-pharyngenl ; ii. the fasciculus soli- 
tarius, which is situated in the bulb, ventral and a little lateral 
to the combined nucleus, and which is also called the ascending 
root of the glosso-pharyngeal nerve or the respiratory bundle; 
and the. qpinal portion which takes origin from a group of 
cells lying in the extreme lateral margin of the anterior cornu, 
‘This is the origin of the spinal nccessory; it corresponds to 
the antero-lateral nucleus of the bulb, and the lateral part of 
the grey matter of the spinal cord. The fibres of the spinal 
origin of the nerve pass from these cells through the lateral 
column to the surface of the cord, 

The fibres from the combined nucleus, chiefly from the median 
part, pass in a ventral and lateral direction through the reticular 
formation, then ventral to or through the gelatinous substance and 
the atrand of fibres connected with the fifth nerve, to the surface 
of the bullk 

The bundles of fibres of the fasciculus solitarius start in the 
lateral grey matter of the vervicai cord and higher in the reticular 
formation of the bulb; they ran longitudinally forwards to pass 
into the roots of the ninth nerve. 

The zlosso-pharyngeal and vagus portions of the combined 
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the great meningeal artery by the external superficial Fpetioual! 
‘This is important, ax another possible connecting link between 
the glosso-pharyngeal and the otic ganglion is thus provided. 
After communicating, cither within or without the cranium, 
us, it leaves the cranium, divides into the two 






membrane of the posterior and lateral walls of the upper part 
of the pharynx, the Eustachian tube, the arches of the palate, 
the tonsils and their mucous membrane, and the tongue as far 
forwards as the foramen cecum in the middle line, and to near 
the tip at the sides and inferior part. 

Functions—The glossopharyngeal roots contain motor fibres 
to the stylo-pharyngeus, middle constrictor of pharynx, and erico- 
thyroid muscles, and probably to the levator palati and other 
muscles of the palate, except the tensor which is supplied by the 
fifth nerve, and the other constrictors of the pharynx which are 
supplied from the nucleus ambigaus by cranial rootlets of both 
ninth and tenth nerves. The nerve also contains fibres concerned 
in common sensation, and the sense of taste, and secretory fibres 
for the salivary glands, 

‘The vagus or pneumogastric nerve bas most varied functions, 
giving branches to the pharynx, larynx, asophagus, stomach, 
lungs, heart, intestines, liver, and spleen. Some fibres are 
afferent and some efferent. Most of these functions we have 
already studied in connection with the organs just named. It 
should be particularly noted that the principal origin of this 
nerve is at the lower end of the ventricular floor below the 
level of the ninth, and, like it, beneath the inferior foven. 

The spinal accessory nerve arives by two distinct origins —one 
from a centre in the floor of the fourth ventricle, and connected 
with the glosso-pharyngeal-vagus-nucleus ; the other, from the 
outer side of the anterior cornu of the spinal cord ax low down as 
the fifth or sixth cervical nerve. The fibres from the two origins 
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come together at the jugular foramen, but separate again into two 
branches, the inner of which, arising from the medulla, joins the 

to which it supplies its motor and some of its cardio- 
inhibitory fibres, which are of the small medullated variety, whilst 
the outer, consisting of large medullated fibres, supplies the 
tripezius and sterno-mastoid muscles, The external branch, 
which is the larger of the two, is composed almost exclusively of 
motor fibres. The internal branch of the aevessory nerve supplies 
chiefly viscero-motor filaments to the vagus. The muscles of the 





Vig. 405.—Diagrammatic representation of dorsal aspect of medulla, pons, and mid-brain, 


larynx, all of which are supplied by branches of the vagus, derive 
their motor nerves from the accessory ; and (which is a very 
significant fact) Vrolik states that in the chimpanzee the internal 
branch of the accessory does not join the vagus at all, bat goes 
direct to the larynx. The crieo-thyroid, however, receives: fibres 
which leave the bulb by glosso-pharyngeal rootlets; whether 
it receives special accessory fibres as well is uncertain, 

12. The hypoglossal nerve arises from a large celled and long 
nucleus in the bulb, close to the middle line, inside the combined 
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‘nucleus of the ninth, tenth, and eleventh nerves. Fibres from 
‘this nuclous run from the ventral surface through the reticular 
formation in a series of bundles, and it emerges from a groove — 
between the anterior pyramid and olivary body. It is connected 
with the vagus, with the superior cervical ganglion of the sympa- 
thetic and with the upper cervical nerves, 

Distritution.—This verve is the motor nerve to the muscles 
of the tongue (stylo-glossus, hyo-zlossua, genio-hyo-glossus, and 
linguales), The branches of this nerve to the genio-hyoid, thyvo- 
hyoid, sterno-thyroid, sterno-hyoid, aud omo-hyoid are branches 
of the first, second, and third cervical nerves carried down in its 
sheath and slipped off at various points as descondens (hypoglossi) 
corvicis, &o, 

‘The reader should now turn once more to fig. 464 (p. 626) 
and try to obtain a more general idea of the nuclei of origin 
of all these nerves. It will be noticed that the centres of 
afferent nerves (coloured red) are in the minority ; these com- 
prise the sensory nucleus of the fifth, the nuclei of the eighth 
nerve, and the glosso-pharyngeal and vagal portions of the com- 
bined nucleus of the ninth, tenth and eleventh nerves. The 
remaining nuclei (coloured blue) are efferent, and may be princi- 
pally arranged into two groups :—(r) the nuclei of the third, 
fourth, sixth and twelfth nerves which are close to the middle 
line, and (2) the motor nucleus of the fifth, seventh, and nucleus 
ambiguus (motor nuclens of ninth and tenth nerves) which form 
line more lateral in position. 

A mere enumerution of the destination of the nerves arising 
in the bulb shows how supremely important this small arca of the 
brain is for carrying on the organic functions of life. It contains 
centres which regulate deglutition, vomiting, the secretion of 
saliva, sweat, &e., respiration, the heart's movements, and the 
vaso-motor nerves, 


The Internal structure of the Bulb, Pons, and 
Mid-brain. 


The structure of the interior of these parts is best studied 
in a series of transverse sections. We will limit ourselves to 
seven, the level of which is indicated in fig. 465. The cerebellum 
has been bisected into two halves and turned outwards, its upper 
peduncles cut through to render the parts more evident. The 
position of our seven sections is indicated by the transverse lines 
numbered 1 to 7. 
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First section..—This is taken at the lowest level of the bulb, 
through the region of the decussation of the pyramids. ‘The 
similarity to the cervical cord will be at once 5 the 
passage of the pyramidal fibres (P) from the anterior part of the 
bulb to the crossed pyramidal tract of the opposite side of the 
cord cuts off the tip of the anterior horn (A), which in sections 
higher up appears as an isolated mass of grey matter, called the 
lateral muctews (fig. 467, nl). The V formed by the two posterior 
horns is opened out, and thus the grey matter with the central 
eanal is brought nearer to the dorsal aspect of the bulb; the tip 
of the cornu swells out to form the subidantia 

Rolando (R), which causes a prominence on the surface called the 





which are crossing from the 
column of the opposite aide of the cord, (After L.. Clarke,, 


tubercle of Rolando ; G and C are the funiouli gracilis and cuneate 
respectively, the continuations upwards of the columns of Goll 
and Burdach. 

Second section.—This is taken through the upper part of 
the decussation. Beginning in the middle line at the top of the 
diagram, we see first the posterior median fissure (p.m.f.), below 
which is the grey matter enclosing the central canal (¢.c.), aud 
containing the nuclei of the eleventh and twelfth nerves; the fani- 
culus gracilis (fy.) comes next, and then the funiculas cuneatus 
} 5 these two funiceli have now grey matter in their mterior + 
these masses of ¢ tively nuclene gracitin 
(n.g.) and nuelous eunentus (nc) 5 ve ascended the 
posterior columns of the cord terminate by arborising around the 
cells of this grey matter; the fibres from the lower, part of the 
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part, 

most 

afferent fibres 

cord to brain. The new fibres ‘the cells of 
‘these nuclei pass in a number of different directions, and break 
‘up the rest of the grey matter into what is called the formatio 
reticwaris. The fibres may be divided into three main groups ; 


cus greclieg 7 tanto 
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1, The external arcuate fibres (fa, fat) course round the ven- 
tral surface of the bulb. 

2. Some of these turn round sharply (fa*) to the restiform 
body of the same side. 

3. The internal arcuate fibres are those which pass into the 
formatio reticnlaris and cross with their fellows at the median 
niphé, forming what is sometimes called the superior pyramidal 
decussation (s.d.), but which should be more properly ealled the 
decuseation of the fillet, 'The fillet fibres, after having crossed to 
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the other side, become a longitudinal bundle, which lies just dorsal 
to the pyramid (py), and passes upwards to various parts of the 
cerebrum, passing, however, through one or more cell stations 
(positions of relay) before ultimately arriving at the cortex. 

We now see that the brain has a crossed relationship to the body, 
the left half of the brain governing the right half of the body, 
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Wig, 468,—Seetion of the medulls 
‘Sila anterior median 


and vice versd, both as regurds motion and sensation ; the motor 
fibres mostly cross at the decussation of the pyramids, some fow 
(those in the direct pyramidal tract) crossing at lower levels in 
the cond; the sensory fibres mostly cross at the decussation of 
the fillet, though some few cross at lower levels in the cord, soon 
after their entrance into the cord by the posterior nerve-roots. 
Other points to be noticed in the section are the substantia 
gelatinosa of Rolando (4) (retains of posterior cornu of the cord), 
now separated from the surface by the ascending root of the Bfth 
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nerve (# V); the lateral nucleus (n J) (remains of the anterior 
cornu of the cord); the lower part of the grey matter of the 
pk body (0, o!), and most anteriorly the pyramid (py) 

Third section.—This (fig, 468) is taken at about the middle 
of the olivary body, and passes also through the lower part of the 
floor of the fourth ventricle. The central canal has now opened out 
into the fourth ventricle, and the grey matter on its floor contains 
the nuclei of the twelfth and tenth nerves ; bundles of the fibres 
of these nerves course through the substance of the bulb, leaving 
it at the places indicated in the diagram. 





+ 


Fig. 46o,< ection scrom the pons, about the middle of the fourth ventricle, py.« pyramidal 
‘undies 1p Sane lie of te ny behind, and ry » Tapbe j 
er. wuperior olive; 0,7, bt of aceon Foot o peeve excl ta cs 
Jonimtion of the substance of 4 Fa the sixth nerve, #. FZ. tte 
hunleos) Frrcincanerves Vilas talermed is orton, PTL. its nucleus; VLTL, 
auditory nerve, «.V 711, lateral Hai ‘of the a (Aiter Guain.) 





‘The nucleus gracilis, nueleus cuneatus, aud tubercle of Rolando 
are pushed into a more lateral position; the restiform body (C.r.) 
now forms a well-marked prominence, and the olivary body is 
well seen with its dentate nucleus ; from the open mouth of this 
corrugated layer of grey matter a large number of fibres issue, 
and passing through the rphé, course as internal arcuate fibres 
to the opposite restiform body, and thus to the cerebellum ; some 
pass to the restiform body of the sume side; the continuation of the 
direct cerebellar tract of the con] also passes into the restiform 
body. Its fibres terminate by arborisations round Purkinje’s cells in 
the vermis of the cerebellum. The ‘uniculua solitarius and nucleus 
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ambiguus, also seen in this section, have been already alluded to 
in our account of the origin of the cranial nerves (p. 628). 

Fourth section.—This is taken through the middle of the 
pons, and shows much the same kind of arrangement as in the 
upper part of the balk, ‘The general appearance of the section 
is, however, modified by a number of transvernely 
bundles of fibres, most of which are passing from the cerebellar 
hemispheres to the raphé, and form the middle cerebellar 
peduncles. Intermingled with these is a considerable amount of 
grey matter (nuclei poutie), The continuation upwards of the As 
mids (fig. 469, py) is embedded between these transverse bundles, 
and separated by them from the reticular formation ; the deeper 
transverse fibres, which form the trapestum (¢), connect the supe- 
rior olivary nucleus of one side to the accessory auditory nucleus 
of the other side. The large olivary nucleus is no longer seen, 
but one or two small collections of grey matter (0.s.) represent it, 
and constitute the superior olivary nucleus, The nerves taking 
origin in this region of the floor of the fourth ventricle are the 
sixth, seventh, and eighth. The fifth nerve originates higher 
up, where the floor of the fourth ventricle ix narrowing, till at 
last, in the region of the mid-brain, we once more get a canal 
(Sylvian aqueduct) corresponding to the central canal of the 
‘spinal cord. 

The reticular formation between the grey floor of the ventricle 
and the trapezium is a continuation upwards of the reticular 
formation seen in previous sections. It consists of white fibres 
passing transversely in different directions, between which there 
are fibres running longitudinally, and a considerable amount of 
grey matter, In such a complex system of intercrossing fibres, it 
is extremely difficult to separate any definite tracts, but there are 
at least two longitudinal tracts of fibres in it which a little higher 
up in the mid-brain are separated off from the rest ; one of these 
is the fillet, the origin of which in the nuclei gracilis and cuneatus 
of the opposite side we have already seen; the other is the 
posterior longitudinal bundle, which is stated by some to be a 
continuation upwards of some of the fibres of the anterior column 
of the cord ; it certainly contains fibres connecting the nuclei of 
the third and sixth nerves of opposite sides, These are shown 
in the 

Fifth and Sixth sections, which are taken through the 
mid-brain, and are drawn on « smaller scale than the other we 
have been examining ; they represent the actual sive of the seo- 
tions obtained from the human subject. 

Near the middle is the Sylvian aqueduet, with its lining of 
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ciliated epithelium, In the grey matter which surrounds it are 
large nerve-cells, from which the fourth nerve, and higher up the 
third nerve, originate; the fibres of the third nerve are seon 
issuing from these in fig. 470, BIL. The reticular formation of 
the pons is continued up into the mid-brain, and is called the 

Its transverse fibres include the decussating fibres of 
the superior peduncles of the cerebellum, The fibres of the fillet 
partly pass in an oblique manner to the side of the mid-brain, 
and terminate in the grey matter of the corpora quadrigemina 
C Q); this is called the /ateral fillet; the rest of the fillet 
mesial fillet) goes on through the crus, and has been traced 





into the optic tialamus; from here fresh nerve-fibres, forming 
@ new relay, continue the afferent impulses to the cortex of the 
cerebrum, 

‘The pyramidal bundles of the pons are continued upwards, and 
form the middle third of the crusta (cr) or pes. The crusta and 
tegmentum are separated by a layer of grey matter called the 
substantia nigra (SN). There is also grey matter in the teg- 
mentum itself, which is called the ¢egmental or red nucleus, 

‘The corpora quadrigemina are formed mainly of grey matter ; 
from each superior corpus a bundle of white fibres passes upwards 
and forwards to the geniculate bodies, eventually joining the 
optic tract of the same side, ‘The white layor on the surface of 
the grey matter of the C. quadrigemina is derived from the optic 
tntct ; these fibres come from the retina, and terminate by arbo- 
rising around the cells of the grey matter of the C. quadrigemina, 
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The further relationships of these parts of the brain we shall 
study in conneetion with vision. 
Seventh section.—This is through the crus. It is made up 
of erusta (which contains the motor fibres), 
S.N.  tegmentwm (which contains the sensory fibres, 
especially the bundle called the mesial fillet), 
and the substantia nigra, the grey matter 
which separates them. 
The destination of one of the spinal cord 
tracts we have not yet mentioned ; this ix 
Peg fection OO A tract of Gowerss This is continued up 
figen!'Tidementum, through the ventral part of the pons lateral 
to the pyramidal bundles; when it reaches 
the superior cerebellar peduncles the main part of the tract 
takes a sharp backward turn and enters the middle lobe or 
vermis of the cerebellum by the superior peduncle and superior 
medullary velum. Some of the fibres of the tract are continued, 
however, into the corpora quadrigemina. 


CHAPTER XLY. 
STRUCTURE OF THE CEREBELLUM. 


Tue Cerebellum is composed of an elongated central portion or 
lobe, called the vermis or vermiform process, and two hemispheres. 
Each hemisphere is connected with its fellow, not only by means 
of the vermiform process, but also by a bundle of fibres called 
the middle peduncle (the latter forming the greater part of the 
transverse fibres of the pons Varolii), while the superior pedunetes, 
which decussate in the mid-brain, connect it with the cerebrum 
(5, fig. 472), and the inferior pedwneles (restiform bodies) connect 
it with the medulla oblongata (3, fig. 472). 

The cerebellum is composed of white and grey matter, the 
latter being external, like that of the cerebrum, and like it, 
infolded, so that a larger area may be contained in a giver space, 
The convolutions of the grey matter, however, are arranged 
after a different pattern, as shown in fig. 472. The treedike 
arrangement of the white matter has given rise to the name 
arbor vite, Besides the grey substance on the surface, there are, 
in the centre of the white substance of each hemisphere, sxnull 
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masses of grey mitter, the largest of which, called the corpus 
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dentatum (fig. 473, ed), resembles very closely the corpus dentatum 
of the olivary body of the medulla oblongata in appearance. 





.473-—Outline sketch of « section of the cxrebellum, abowing. the 
section has ie ‘the pons, 40 ws to divide 
the superior’ Poly 8 nd ase nearly hc the middie of the left cerebellar heani- 





‘the pons Warolil, with fbres passing from it into the white seem ; av, continuation 
of tho white stam radiating towards the arbor vitw of the folis; ¢ dy carpus den- 
tatum ; 6, otivary body with ite corpus dentaturs ; pyramid. (Allen de 





If a section is taken through the cortical portion of the 
cerebellum, the following distinct layers can be seen (fig. 474) by 
microscopic examination. 








640 STRUCTORK OF THER CEREBELLUM. fom. xtv. | 


Underneath the pia mater is the external layer of matter 5 
it is formed chiefly of fine nerve-fibres with calnereeae 





+z 





Fig. 424--Vertioa section ‘of dog's cerebellum; pm, pis 
downward wie spntda, ebick ranch sootinioealy sal 
ruieroa wear, 
aleoular lay or free euriuce a 
Inger of mall nervvelns 7 layer of parvo-doen wih few weaned nereele 
‘This lant layer (// | constitutes part of the shite matter of the cerebells 
layers between it 
scattered through it. Into its outer part, processes of pia mater 
pass vertically ; these convey blood-vessels, There are also, here 


umerous long tapering neuroglia-cells. The internal or granular 
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layer of matter is made up of a number of small nerve- 


of 

the flask passing in the opposite direction breaks up into dendrites 
which pass into the external layer of grey matter, By Golgi's 
method (fig. 475) these dendrons have been shown to spread out 
in planes transverse to the direction of the lamellw of the organ. 






= F 

‘in the outer layer 
‘white matter. (Ramon y Cajal.) 

Each cell of Purkinje is further invested by arborisations of 
two sets of nerve-fibres, One of these (originating from the fibres 
of the white matter which are not continuous as axis-cylinders 
from the cells of Purkinje) forms a basket-work round the 
dendrons ; the other (originating «8 axiscylinder processes from 
the nerve-cells of the external layer) forms a felt-work of fibrils 
round the body of the cell. 

The cells of the internal layer of grey matter are small; their 
dendrites intermingle with those of neighbouring cells ; their axons 
penetrate into the external layer, but their final destination is 
uncertain, Ramifying among these cells are fibres characterised 
by possessing bunches of short branches at intervals (moss-fibres 
of Cajal). 

KP 
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CHAPTER XLVI. 
STRUCTURE OF THE CEREBRUM, 


‘Tue large size and complexity of the cerebrum distinguishes 
the brain of man from that of the lower animals ; the amount of 
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Fic. 476-—View of the Corpus Callasim from aborw, }—The upper murtute of the corte 
‘callomm ha» been fully exposed by separating the cercbral hemispheres aud throwing 
‘thera to the aide ; the gyrus fornicatus has beev detached, and the transverse tres Of 
the corpus callosum trace! for some distance into the corobral medullary substaon. 

{, the upper surface of the corpus callosum ; %, medisn furrow or raphe; 5, longitudinal 
w bounding the furrow; 4, swelling formed by the transverse tands as they pas , 
into the oeretirum ; 5, anuirior extremity ar knee of the corpus callosum ; 6, posterior 
extremity: 9, anterior, and % posterior part of the taw ut ‘bres proceeding from the 
corpus callosum ; 9, margin of the swelling ; to, anterior part of the convolution of the 
corpus callowum'; 1 bem of band of union ‘of this convolution ; 13, toternal eon 
ppletions of the'parietal lobe 13, upper mirface uf tho cerebollum, "(Sappey, after 











convolution of its surface corresponds roughly with the degree of 
intelligence. 
‘The cerebrum consists of two halves called cerebral Aemispherer, 
trated by a deep longitudinal fissure and connected by a large 
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‘band Of transverse commissural fibres known as the corpnts ealloswne, 
‘The interior of each hemisphere contains a cavity of complicated 
‘shape called the /ateral ventricle ; the lateral ventricles open into 
the third ventricle. The corpus callosum is shown in fig. 476. 





i GR ae the lateral, fourth and fifth veutricler 


Pineal gusnd, the two cram of wilh extend forwards ai @ inner and upper 

i the optic ; Sand j, Che corpora qi 3 ee crus of 

spose the fourth watrcie;  hippoounpas major tad corps Sabet, or tals 
ventricle; or or 

noe; mr etuinentin collateralis; e, fourth rentecles 

iat of cerpbelluse exposed Vy ibe reearal o part of the postshor extern! 

{bee iiachteld and bevel 


‘The next figure (fig. 477) represents a dissected brain in which 
the corpus callosum has been removed ; the ventricles are thas 
ex) 





Each hemisphere is covered with grey matter, which passes 
down into the fissures that abound on its exterior. ‘This surface 
TT? 
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grey matter is called the cerebral corter. The amount of this 
grey matter varies directly with the amount of convolution of the 
surface, Under it white matter is situated; and at the base 
there are masses of grey matter; part of these basal ganglia are 
seen forming part of the wall of the ventricles. The anterior 
basal ganglion is called the corpus striatum; it is divided into 
two parts called the lentiowar or extraventrieular nucleus, and 
tho caudate or intraventricular mucous It has received the 
latter name because it is seen in the interior of the ventricle, 
The posterior basal ganglion is called the optic thalamus. 


© 





Vig. Vertical section through the cerebrum and baal gnnglia to show the rations 
“of tie is fis jo, corpus eallomum . Interal venti 
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Passing up between the basal ganglia are the white fibres 
which enter the cerebral hemisphere from the crus ; these consti- 
tute the internal capsule. This passes in front between the two 
subdivisions of the corpus striatum, and behind between the 
optic thalamus and the lenticular nucleus of the corpus striatum. 

‘The relationship of these parts is best seen in a vertical section ; 
such as is represented in the mext diagram (fig. 478). 

One hemisphere is seen, with portions of the other, The sur- 
face darkly shaded indicates the grey matter of the cortex, which 
passes down into the fissures ; one very extensive set of conyolu- 
tions (co.t.) passes deeply into the substance of the hemixphere ; 
this is called the Island of Reil; the lowest stratum of grey 
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matter is separated from this to form a narrow isolated strip of 
grey matter called the claustrum (cl.). Tn the middle line from 
above down are seen the great longitudinal fissure extending as 
far as (ce.) the corpus callosum, the band of white matter that 
forms the great commissure between the two hemispheres; be- 
neath this are the lateral ventricles which communigate by the 
foramen of Monro with the third ventricle: te fornix is indicated 
by the letter f Contributing to the floor of the lateral ven- 
tricle, one next sees the optic thalamus (t/.), and the tail end of 
the nucleus caudatus (n.c.); the section being taken somewhat 
posteriorly. The nucleus lenticularis is marked n.; and the 
band of white fibres passing up between it and the thalamus is. 
called the internal capsule (c.i.); the narrow piece of white matter 
between the claustram and the lenticular nucleus is called the 
external capsule. 

For the student of medigine the internal capsule is one of the 
most important parts of the brain. Into it are continued up the 
fibres which we have previously traced as far as the crus cerebri ; 
the motor-fibres of the crusta are continued into the anterior two- 
thirds of its posterior limb (ie. behind the genu * in fig. 479); 
the sensory fibres of the tegmentum into the posterior third of 
this limb, When these fibres get beyond the narrow pass between 
the basal ganglia, they spread out in a fanlike manner and are 
distributed to the grey cortex; the motor-fibres going to the motor 
convolutions around the fissure of Rolando; the sensory fibres to the 
same convolutions and also to others behind these which are asso- 
ciated with special sensations. The name corona radiata is applied 
to the fan-like spreading of the fibres; the fibres as they pass 
through the handle of the fan, or internal capsule, communicate 
with the nerve-cells of the grey matter of the basal ganglia ; the 
pyramidal fibres on their way down to the medulla and cord from 
the motor areas of the brain send off collaterals or side branches 
which arborise around the cells of the corpus striatum, and to 
a lesser degree around those of the optic thalamus; the axis- 
cylinder processes of these cells pass out to join the pyramidal 
tract on its downward course. The sensory fibres on their way 
up may pass straight on to the cortex, but the majority, especially 
those in the fillet, terminate by arborising round the cells of the 
optic thalamus, and in the subthalamic area. This, in fact, is 
another cell-station or position of relay : the fibres paasing out from 
the cells of the thalamus continue the impulse on to the cortex. 

‘The importance of the internal capsule is rendered evident 
when one considers the blood supply of these parts; at the 
anterior and posterior perforated spots, numerous small blood-vessels 
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enter for the supply of the basal ganglia, and these are liable to 
become diseased, and if they rupture, a condition called apoplexy 
is the result; if the bwmorrhage is excessive, death may occur 
almost immediately ; but if the patient recovers, a condition of 
more or less permanent paralysis remains behind; and a very 
lange amount of paralysis results from a comparatively limited 
lesion, because so many bres are congregated together hy an 
in 


narrow isthmus of white matter. If the hwmorrhage is 


tr 





pt, direct pyramidal tract, (| 


anterior part of one internal capsule, motor paralysis of the 
opposite side of the body (hemiplegia) will be the most marked 
symptom. If the hemorrhage occurs in the posterior part, sen 
sory paralysis of the opposite side of the body will be the most 
marked symptom. If the motor-fibres are affected, degeneration 
will occur in the pyramidal tract and can be traced through the 
pes of the eros and mid-brain to the pyramid of the pons and 
bulb, and then in the crossed pyramidal tract of the opposite side 
in the direct pyramidal tract of the same side of the cord. 
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479 represents a horizontal view through the 
‘The internal capsule (c) at the point * makes a bend 


(sleds gnsocrbnoi nai who Gag ete Dany and tre 


cerebellar peduncle which decus- 
sates with its fellow in the mid- 


The remainder of the white 
matter consists of association fibres 
which ran from convolution to 
convolution. 


Histological Structure of tho 
Cerebral Cortex. 


The cortex consists of the follow- 
ing five layers (Meynert) :— 

1, Superficial layer with abun- 
dance of nevroglia and a few small 
multipolar nerve-cells, 2, A thin 
Jayer of a large number of closely 
packed small nervecells of pyr 
midal shape, 3. The most import~ 
ant layer, und the thickest of al] : 
it contains many large pyramidal 
nerve-cellg, each with a process rup- 
ning off from the apex vertically 
towards the free surface, and 
lateral processes at the base which 
are always branched. There is also 
a median process from the base 
of each cell which becomes con- 
tinuous with the axis-cylinder of 
a verve-fibre. The bundles of 
fibres apread out in this layer, 
4. Numerous nerve-cells, some 


ii hh 





Pig. 440.—Tho layers of the cartieal 
rey matter of the cerebrum. 
{Meynert.) 


large and others small, forming the granular formation of Meynert, 
5. Spindleshaped and branched nerve-cella of moderate sine 
arranged chiefly parallel to the free surface (fig. 480). This layer 
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ia remarkable in being broken up by fibres arranged in groups 
passing to the outer layers. 

It is a noticeable fact that the different layers do not bear the 
same relation to one another in thickness in different regions. In 
the area about the fiskure of Rolando, which we shall presently see 
ik enlled the sensori-motor aren, the lange pyramidal cells of the 
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Grst, or molecular, layer, forming an intermediate cell-station between 
‘seamory flores end motor tells, "Notice the tannin’ disextion of the nerve-Abres. 
G, sensory Mbre from the white matter. 


'H,, white matter. 
T, collateral of the white matter, (Itamon y Cajal.) 


third layer are conspicuous in size and number, and numerous 
large cells are found in the fourth layer, Those latter attain 
their greatest development in the pre-central and post-central 
convolutions. The granular layer is very marked in the oceipital 
region, forming a distinct and broad division of the fourth layer. 
‘The large cells are scarce. In the frontal region, the pyramidal 
and fourth layers are well marked but the cells are lesw 
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numerous; the nuclear layer is very distinct, The pyramidal 








Pig. 4*;-—Human terebral cortex: Golgi's method, (Mott) 


cells are those from which the motor or offerent fibres originate. 
The separation of the fifth layer from the rest to form the 
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claustrum in the region of the Island of Reil has been already 
alluded to (p. 645). 

By Golgi's method the arrangement of these cells has been re- 
cently made out much better. ‘The diagram on p, 648 (fig. 481) ix 
taken from Ramon y Cajal's Croonian Lecture, and the following 
two (figs. 482 und 483) are from photomicrographs kindly leut 
me by Dr. Mott. . Fig. 482 represents a section through the motor 
vortex of the human brain, and shows very beautifully the-lunge 
pyramidal cells with dendrovs passing off from their comers, and 
the axis-cylinder process passing from the base of each towards 
the white matter, giving oi! collaterals on the way. Neuroglia 
cells are also seen. 2, 

Fig. 483 isa high-power view of tho same; in the lower part 
of the diagram some of the neuroglin-cells are seen in the sheath 
of a small blood-veasel. 

The cells of the cortex thus give rise to the motor or efferent 
fibres ; these pass into the white matter of the interior of the 
brain. Some go either directly or by-collaterals, (1) to the cortex 
of more or less distant convolutions. These are called Association 
fibres. (2) Others pass to the corpus callosum, andso reach the cortex 
of the opposite hemisphere. These are called Commissural jibres. 
In each case they terminate by arborisations (synapses) around 
the cells of the grey matter of the cortex; while others again, 
especially those of the largest pyramidal cells, extend downward 
through the corona miata and internal capsule and become, 
(3) fibres of the pyramidal tract. These are called Projection 
Jlbres. As they pass down they give off collaterals to the ad- 
jacent grey matter, to the opposite hemisphere vid the corpus 
callosum, to the corpus striatum and the optic thalamus, which 
terminate there by arborisations: the main fibres terminate in 
synapses round the multipolar cells of the anterior horn of the 
opposite side of the spinal cord, 

The cells of the cortex are, in addition to all this, surrounded 
by the arborising terminations of the sensory nerve-fibres, 
which, after relays at various cell-stations, ultimately reach the 
cortex. 

We are now in a position to complete diagram 453 (p. 611), and 
obtain an idea of the relations of the principal cells and fibres of 
the cerebro-spinal nervous system to one another. 

Pyr. (fig. 484) is a cell of the Rolandic area of the cerebral cortex ; AX is ite 
axis-cylinder process which passes down in the pyramidal tract, and crosses 
the middle line AB at the pyramidal docussation, It gives off collaterals, one 
sone tere erie nao tin alae oa 
Jobs the corpus ateiatum. in the ‘ooniibellaterals pass off and ae arboris 
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mses ein ot Seba aeis bene may Aaah Cen alan fe. Apa 
the main fibre bas a similar termination.* The motor nerve-fibre passes from 
the anterior cornual cell to muscalar fibres where it ends in the terminal 
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. (84. Bcheme of relationship of cells and Gbres of brain and cord. (Ln the prepanativt 
19S: 44 Cf as diagram T hats teratved Gousiderable secatance fom Dre Sete) y 


shown. Its axis-cylinder process bifurcates, and one branch pastes to the 
iphery ending in arborisntions in skin anid tendon, Tho other (central) 
ranch bifareates on entering the cord, and its divisions pass upwards and 
downwards, the latter for a short distance only; the terminations of this 
descanding branch and of collaterals of the ascending branch round the cells 












* The inter rell station in the posterior horn between the pyramidal 
fibre ‘and the anterior coraual cell (Schiifer) is not shown in the dingram 
(see also p, 610), 
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Fecha ree tinlefn Ce ete e 0 453. The main 
branch arborises around # coll of the nu gracilis (x.G.) or nucleus 
cuneatus in the posterior columns of the bulb; the axiseylinder process of 
this cell passes over to the other side as an internal arcuate Gbre (1.a.}, aud 
becomes longitudinal as owe of the fibres of the mesial fillet (), which 
terminates round a cell of the optic thalamus (0-1.), from whieh a new axis 
inter process passes to form an arborisation around the dendrons of one of 
the cerebral cells (Cajal's nerve-unit of association A...) in the surface layer 
of the cortical grey mattor (shown on a larger scale in fig. 481 ¥); the axis- 
cylinder process of ACN. arborises round the deqdroos of the pyramidal cell 
from which we started. 

In this way one geta a complete physiological circle of nerve-nnits; the 
segments of the circle are, however, anatomically distinct, and the impulses 
travel through contiguous, not through continuous, structures. The simple 
arrows indicate the direction of the impulses in the efferent projection 
system ; the feathered arrows in the afferent projection system, 

Next we come to the connections of the cerobeliam, One of the colln- 
torals of the sensory nerve-fibre arborises round a coll of Clarke's column, 
from which a fibre of the direct cerebellar tract passes to ond in an arbori~ 
‘ation around a cell in the vermis of the cerebellum. P is one of the cells of 
Parkinje, xis-cylinder process of which P.ax passes to the cerebro- 
spinal axis ; it ix depicted as passing: down to envelop one of the cells of the 
anterior horn; but this has never been satisfactorily demonstrated ; so a 
dotted line has been used to indicate this uncertainty, No doubt also some 
of its collaterals past ap to the cerebrum, 

The origin ‘and destination of the tract of Gowers are not shown in the 
diagram ; the fibres of communication from the cerebral to the opposite 
corebellar hetnisphere, which pass through the superior cerebellar peduncle, 
are also omitted. The mpathetic system, with its numerous cell stations 
in the sympathetic ganglia, we have studied in connection with the blood- 
vesscls and viscera to which the aympathetic fbres are distributed (sec 
especially pp. 299-303). 

GM is the gray matter which is continuous from spinal cord to the optic 
thalamus, and through this certain afferent impulses, such as those of pain, 
travel upwards. 

Particular attention should be paid to the following point: when an 
afferent fibre enters the spinal cord, it divides into three main sets of 
branches, ‘The first set, the shortest, forms synapses with the motor cella of 
the anterior horn ; here we have the auatomical Panis of spinal reflex action. 
The second sct passes through an intermediate cell-station in Clarke's colamn 
to the cerebellum, the emerging fibres from which nlso influence the motor 
discharge of the anterior horn cells, The third set, the longest, passes through 
three intermediate cellstations (the first in t uclens gracilis or caneatus, 
the second in the optic thalamus, the third in the nssocintion units in the 
cortex), and- ultimately reaches the pyramidal nerve cells of the cerebral 
cortex, the efferent fibres (pyramidal fibres) of which pass to the motor cells 
of the anterior corna and influence their discharge, The motor nerve cells 
of the anterior horn may thas be influenced by the afferent impulses ei@ 
Ubree paths or nerrows circles, In health, all these nervous circles are in 
action to produce co-ordinated muscular impulses. In locomotor ataxy, 
which is a degeneration of the cells of the ganglia on the posterior roots antl 
thelr branches, all these nervous circles are deranged, and the result: is loss 
of reflex nection, and incoordination of muscalar movements, 
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The Convolutions of the Cerebrum. 


The surface of the brain is marked by a great number of de- 
Yons which are called fisswres or sulci, and it is this folding 
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of the surface that onables a very large amount of the precious 
material called the grey matter of the cortex to be packed within 
the narrow compass of the cranium. In the lowest vertebrates 
the surface of the brain is smooth, but going higher in the animal 
scale the fissures make their appearance, reaching their greatest 
degree of complexity in the higher apes and in man. 

Tn an early embryonic stage of the human fatus the brain is 
also smooth, but as development progresses the sulci appear, 
until the climax is reached in the brain of the adult. 

‘The sulci, which make their appearance first, both in the 
animal scale and in the development of the human fotus, are the 
same. They remain in the adult as the deepest and best marked 
sulci ; they are called the primary fissures or sulci, and they divide 
the brain into otes; the remaining sulci, called the secondary 
Jiseurea or euled, further subdivide each lobe into convolutions or gyri. 


fore birth, 
‘but the forwards of the frontal lobes even 
the human brain is quite well seen. 8, flawure of 


ee 

A first glance at an adult human brain reveals what appears 
to be a hopeless puzzle; this, however, is reduced to order 
when one studies the brain in different stages of development, 
or compares the brain of man with that of the lower animals. 
The monkey's brain in particular has given the key to the 
puzzle, because there the primary fissures are not obscured by 
the complexity and contorted arrangement of secondary fissures. 

The preceding figure, comparing the brain of one of the lower 
monkeys with that of the child shortly before birth, shows the 
close family likeness in the two cases. 

Fig. 486 gives a representation of the brain of one of the 
higher monkeys, the orang-outang, where there is an inter- 
mediate condition of complexity by which we are led lastly to the 
human brain. 

Let us take first the outer surface of the human hemisphere ; 
the primary fissures are— 

1, The fissure of Sylvius ; this divides into two limbs, the pos- 
terior of which is the larger, and runs backwards and upwards, 
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and the anterior limb, which passing into the substance of the 
hemisphere, forms the Zsland of Reil. 

2. The jiseure of Rolando, running from about the middle of 
tho top of the diagram (fig. 487) downwards and forwards. 

3 The external parieto-cccipital flesure (Par. 00. ¥) parallel to the 
fissure of Rolando but more posterior and much shorter ; in some 
monkeys it is longer (see fig. 486). 





6 Heals, of the Orang, jural nize, the armngemint of the 
we cian bgimath va I, amar ot Holand ier, extorual parteto-occlpital 


ieee eee ee heey 

‘These three fissures divide the brain into five lobes :— 

1. The frontal lobe ; in front of the fissure of Rolando, 

2. The parietal lobe ; between the fissure of Rolando and the 
external parieto-occipital fissure. 

3. The occipital lobe; behind the external parieto-occipital fissure, 

4: The temporal or temporo-sphenoidal lobe ; below the fissure of 
Sylvius. 

5. The Island of Reit. 

It will be noticed that the names of the lobes correspond to 
those of the bones of the cranial vault which cover them. There 
is no exact correspondence between the bones and the lobes, but 
the precise position of the various convolutions in relation to the 
surface of the skull is a matter of anatomy, which, in these days 
of brain-surgery, is of overwhelming importance to the surgeon. 
The position of « localised disease in the brain cnn be determined 
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very accurately, as we shall see later, by the symptoms exhibited 
by the patient, and it would be obviously inconvenient to the 
patient if the surgeon was unuble to trephine over the exact spot 
under which the diseased convolution lies, but had to make a 
number of exploratory holes to find out where he was, 

Each lobe is divided into convolutions by secondary fissures. 

t. The frontal lobe is divided by the central frontal or pre- 
frontal sulcus which rans upwards parallel to the fissure of Rolando, 
‘and two transverse frontal sulci, upper and lower, into four convo- 
lutions ; namély, the ascending frontal convolution in front of the 
fissure of Rolando, and three transverse frontal convolutions, upper, 
middle, and lower, which ran outwards and forwards from it. 

2. The parietal lobe has one important secondary sulcus, at 
first running parallel to the fissure of Rolando and then turning 
back parallel to the margin of the brain. It is called the 


eRONTAL 


“ 






Lope = YEWPORAL LOSE 
Fig. 48):—Right cerebral hemiaphore, outer surfuon, 


éntra-parietal sulcus. The lobe is thus divided into the ascending 
parietal convolution behind the fissure of Rolando, the supra- 
marginal convolution between the intra-parietal sulcus, and the 
fissure of Sylvius; the angular convolution which turns round the 
end of the Sylvian fissure, and the superior parietal convolution, ar 
parietal lobule, in front of the external paricto-occipital fissure. 

3. The occipital lobe is divided into upper, middle, and lower 
occipital convolutions by two secondary fissures running across it. 

4. The temporal lobe is similarly divided into upper, middle, 
and lower temporal convolutions by two fissures running paralle) 
to the fissure of Sylvius; the upper of these fissures is called the 
parallel fissure. 

5. The Island of Reil is divided into convolutions by the 
breaking up of the anterior limb of the Sylvian fissure, 

Coming now to the mesial surface of the hemisphere (fig. 488), 
its subdivisions are made evident by entting through the corpus 
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callosum which unites the hemisphere to its follow. The sub- 
division into lobes is not so apparent here as on the external 
surface of the hemisphere, so we may pass at once to the convo- 
lutions into which it is broken up by Gssures, 

on 


CEL 






Pig. 4A4-—Right cerebral hemisphere, movial surface. 


In the middle the corpus callosum is seen cut across ; above 
it and parallel to its upper border is a fissure called the ealloso- 
marginal fissure which turns up and ends on the surface near 
the upper end of the fissure of Rolando. The convolution above 
this is called the marginal emvolution, and the one below it the 
callosal convolution or gyrus fornicatus. The deep fissure below 
the corpus callosum running from its posterior end forwards and 

downwards ix called the dentate 

Jisswre } this forms a projection 

M seen in the interior of the lateral 

os. ° ventricle and called there the 

Sa- Aippocampus major; it is some- 

; ‘pg times called the hippocampal con- 
is volution which, together with the 

gyrus fornicatus above the corpus 
sh callosum, constitutes the limbic 


















Fig. 4Sje~Orbital murtace of frontal lobe. lobe. ~ Below the dentate fissure 
Oracle cals ix another called the collateral 


ria aes, fissure, above which is the uncinate 
Sie, anterior limb of Sylvian feure. convolution, and below which is 
APR toe ieroetatane "the inferior temporal convolution 
which we have previously seen on 

the external surface of the hemisphere (see fig. 487).. In the 
occipital region the internal parieto-occipital fissure, which is a con- 
tinuation of the external parieto-occipital fissure, passes downwards 
and forwards till it meets the ecalcarine fisswre ; these two enclose 
between them a wedge-shaped piece of brain called the cwneus or 
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cuneate lobule ; the square piece above it is called the prvcunews 
or quadrilateral lobule, 

The only convolutions now left are those which are placed on 
the surface of the frontal lobe that rests on the orbital plate of 
the frontal bone; they are shown in fig. 458, 2 2° 2” (p. 618), 
and may be seen diagrammatically in fig. 489, the end of the 
temporal lobe being cut off to expose the convolutions of the 
central lobe or Island of Reil. 

Along the edge is the continuation of the marginal convolution 
(a); next comes the olfactory sulcus (0) in which the olfactory 
tract and bulb lie; then the triradiate orbital sulcus (0.3.) which 
divides the rest of this surface into three convolutions. 


CHAPTER XLYVIL. 
FUNCTIONS OF THE SPINAL CORD. 


Tue functions of the spinal cord fall into two categories 

_ functions of the grey matter, which consist in the reflection of 

afferent impulses, and théir conversion into efferent impulses 

(reflec action) ; and functions of the white matter, which are 
those of conduction. 


The Cord as an Organ of Conduction. 


‘We have studied at some length the various paths in the white 
matter, and so we have the materials at hand for recapitulating 
the main facts in connection with the physiological aspect of the 
problem. 

Complete section of the spinal cord in animals, and diseases or 
injuries of the cord or spinal canal in man, which practically cut 
the cord in two, lead to certain histological changes of a degene- 
rative nature, which we have already studied, and to physiological 
results, which are briefly—(r) paralysis, both motor and 
sensory, of the parts of the body supplied by spinal nerves 
which originate below the point of injury; and (2) increased 
reflex irritability of the same parts, the reason for which we shall 
study immediately, 

Hemisection of the cord leads to degenerative changes on the 

KP. uv 


658 FUNCTIONS OF THE SPINAL CORD, (om. xuvit 


same side of the cord, and loss of motion and sensation on the 
same side of the body below the lesion (seo p. 616). 

‘The motor path in the cord from the brain is the pyramidal 
tract; the anatomy of this trict is described in Chapters 
XLIL to XLYL, and we need do no more here than remind the 
reader that it originates from the pyramidal cells of the cortex of 
the opposite cerebral hemisphere, and that the principal decussa- 
tion occurs at the lower part of the bulb, 

‘The sensory tracts are more complex, on account of the nume- 
ous cell-stations on their course. The path for tactile and mus- 
oular sense impressions is up the posterior columns to the nucleus 
grucilis and nucleus cuneatus ; thence by the internal arcuate fibres 
and fillet to the optic thalamus of the opposite side, and thence 
by the posterior part of the internal capsule to the Rolandic area of 
the hemisphere ; the decussation of the fillet occurs in the bulb, 

Schiff, one of the earliest to work at the subject of con- 
ducting paths in the cord, arrived at the conclusion that painful 
impressions travelled to the brain by the grey matter of the 
cord. This conclusion was regarded as paradoxical, for white 
matter is conducting, grey matter is central or reflecting. But 
the conclusion is not so pardoxical as it appears at first 
sight, for we now know the grey matter is made up of nerve 
units, communicating physiologically by their interlacement of 
dendrons ; and it is quite easy to understand that impulses may 
travel up grey matter through a vast series of cell stations or 
positions of relay. The more exact methods of modern research 
haye gone far to justify Schiff’s conclusions, and it is now gene- 
rally held that the impulses due to painful impressions, and also 
those produced by heat and cold, travel up to the optic thalamus 
by the loopings of fibres from cell to cell through the tract of 
grey matter, which is continuous from cord to optic thalamus 
(fig. 484, G.4.); from the optic thalamus the fibres of the corona 
radiata carry on the impulse to the cortex, These conclusions are 
confirmed by recent experiments on hemisection (see p. 616), and 
by the phenomena seen in certain diseases. One of the most 
instructive of these from the physiological standpoint is known 
a8 locomotor atary. This disease is an affection of the afferent 
channels, and the most marked and constant change in the spinal 
cord is a degenerative one in the posterior columns, In such a 
cage muscular and tactile sense are abolished, particularly in the 
lower limbs, but painful and thermal sensations are felt. On the 
other hand, in the disease of the grey matter of the cord called 
syringomyelia, sensations of heat, cold and pain are lost, and 
tactile sensations remain. 
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Some afferent impulses reach the cerebellum wia the cells of 
Clarke’s column and the direct or dorsal cerebellar tract to the 
restiform body and inferior peduncle of the corebollum. It 
terminates in the vermis or middle lobe of the cerebellum ; the 
fibres of the tract of Gowers originate in the same cells, and thoxe 
of its fibres which enter the cerebellum do so by its superior 
pedunele, and these also end in the vermis. 

‘This leaves us still one more set of Gbres to consider; these 
are the fibres that leave the cerebellum and travel up to the brain 
and down the cord. They, like most of the other tracts, have been 
investigated by the degeneration method. Their exact course is, 
however, uncertain, though probably they ultimately terminate by 
arborising round the multipolar cells of the cerebrum and of the 
anterior horn of the cord (see fig. 484, p. 651; see also under 
Cerebellum, Chapter XLIX), 


Reflex Action of the Spinal Cord. 


There are two theories of a speculative nature regarding the 
relationship of reflex and voluntary actions: one is, that all 
actions are in essence reflex, and that the so-called voluntary 
actions are modified reflexes, in which the afferent impulse to act, 
though often obscure, is nevertheless by seeking always to be 
found. Put in popular language, this theory implies that we 
have really no such thing a8 a will of our own, but our actions 
are simply the result of external circumstances. 

The other theory is the exact opposite—namely, that all 
actions are in the beginning voluntary, and become reflex by 
practice in the lifetime of the individual, or the lifetime of his 
ancestors, who transmit this character to their descendants, 

This is not the place to disenss a philosophical question of 
this kind, and still less the debated question whether acquired 
characters arc transmissible by inheritance. The distinction be 
tween voluntary and reflex actions is 4 useful practical one, and 
certainly it cannot be doubted that many pmetixed actions 
become reflex in the lifetime of every one of us. Take walking as 
an example: at first the act of locomotion is one in which the 
brain is concerned ; it is an action demanding the concentration 
of the uttention ; but later on the action is langely carried out by 
the spinal cord, the afferent impulses to the cord from the foot 
directing the efferent impulses to the muscles concerned. 

The reflex actions of the spinal cord may first be studied in » 
brainless frog, as in this animal the spinal cord possesses 4 great 
power of controlling very complex reflex actions. 

ou? 
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Reflexes in a Brainloss Frog. 


After destruction of the brain the shock of the operation ren- 
ders the animal fora short time motionless and irresponsive to 
stimuli, but in a few minutes it gradually assumes a position 
which differs but little from that of a living conscious frog. If 
thrown into water it will swim ; if placed on a slanting board it 
will crawl up it (Goltz); if stroked on the flanks it will croak 
(Goltz); if it is laid on its back, and « staall piece of blotting- 
paper moistened with acid be placed on the skin, it will generally 
succeed in kicking it off; if a foot is pinched it will draw the 
foot away ; if left perfectly quiet it remains motionless. 

The muscular response that follows an excitation of the sur- 
face is purposive and constant, the path along which the impulse 
is propagated being definite, 

Under certain abnormal conditions, however, the propagation 
of the impulse in the cord is widespread, the normal paths being, 
ws it were, broken down. This is seen in the convulsions that 
occur on slight excitation in animals or men who have suffered 
from profuse hemorrhage, or in the disease called lockjaw or 
tetanus. Such a condition is easily demonstrable in a brainless 
frog under the influence of strychnine; after the injection of a 
few drops of a 1 per cent. solution under the skin, cutaneous 
excitation no longer profuces co-ordinated muscular responses, but 
paroxysms of convulsions, in which the frog assumes a charac- 
teristic attitude, with arms flexed and legs extended. 

Spreading of reflexes.—If one lower limb is excited, it is that 
limb which responds: if the excitation is a strong one it will 
sprend to the limb of the opposite side, and if stronger still to 
the upper limbs also. 

Cumulation of reflexes.—This is well illustrated by 'Turck’s 
method. If a number of beakers of water are prepared, acidulated 
with 1, 2, 4, &c. parts of sulphuric acid per 1,000, and the tips 
of the frog’s toes are immersed in the weakest, the frog at first 
takes no notice of the fact, but in time the cumulation or sum- 
mation of the sensory impulses causes the animal to withdraw its 
feet. If this is repeated with the stronger liquids in succession, 
the time that intervenes before the muscles respond becomes leas 
and less. This method also serves to test reflex irritability when 
the frog is under the influence of various druga. 

Inhibition of reflexes. —Ii, instead of the whole brain, the cere- 
brum only is destroyed, and the optic lobes are left intact, response 
to excitation is much slower, the influence of the remaining part 
@ brain inhibiting the reflex action of the cord, Or if in 
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doing the experimont with acid just described the toes of the 
other foot are being simultaneously pinched, the response to the 
acid is delayed. Inhibition, or delay of reflex time is thus pro- 
duced by other sensations, which, aa it were, take up the attention 
of the cord, 

This influence of the brain on the cord is also illustrated in 
man, by the fact that a strong effort of the will can control many 
reflex actions. It is, for instance, possible to subdue the tendency 
to sneeze; if one accidentally puts one’s hand in a flame, the 
natural reflex is to withdraw it: yet it is well known that 
Cranmer, when being burnt at the stake, held his hand in the 
flames till it was consumed, 

After the spinal cord has been divided by injury or disease in 
the thoracie region, the brain can no longer exert this controlling 
action ; hence the part of the cord below the injury having it, 
as it were, all its own way, has its reflex irritability increased.” 
The increase of reflex irritability is also seen in the disease called 
lateral sclerosis ; here the lateral columns, including the pyr 
midal tract, become degenerated, and so the path from the brain 
to the cells of the cord is in great measure destroyed. In these 
patients the increase of reflex irritability may become a vory 
distressing symptom, slight excitations, like a movement of the 
bed-clothes, arousing powerful convulsive spasms of the logs. 

Reflex time-—In the frog, deducting the time taken in the 
transmission of impulses along nerves, the time consumed in the 
cord (reflex time) varies from o'008 to o'ors second; if the 
reflex crosses to the other side it is one-third longer. It is 
lessened by heat, and under the influence of a strong stimulus, 





Reflex Action in Man. 


The reflexes obtainable in man form a most important factor 
in diagnosis of diseases of the nervous system; each action is 
effected through an afferent sensory nerve, « system of nerve-cells 
in the cord termed the reflex centre, and an efferent motor nerve ; 
the whole constitutes what is called the refer are. The absence 
of certain reflexes may determine the position in the spinal cord, 
which ig the seat of disease. 

Two forms of reflex action must be distinguished -— 

1. Superficial reflexes. These are true reflex actions, and are 
excited by stimulation of the skin. 


* In some injuries to the cont produced by crushing, there isa loss of re- 
flexes below the injury. These, however, ary not simple transverse lesions; the 
Joss of reflex action is due to extensive injury to grey matter by hamorrhage, 
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2. Deep reflexes or tendon reflexes. This isa most undesirable 
name, as they are not true reflex actions, 

Suporficial Reflexes.—These are obtained by a gentle stimu- 
lation, such as a touch on the skin; the muscles beneath are 
usually affected, but muscles at a distance may be affected also. 
‘Thus « prick near the knee will eause a reflex flexion of the hip. 

The most important of these reflexes are >-— 

& Plantar refler : withdrawal of the feet when the soles are 
tickled, » 

b. Gluteat rejlees a contraction in the gluteus when the skin 
over it is stimulated. 

«. Cremaaterie reflex: a retraction of the testicle when the 
skin on the inner side of the thigh is stimulated. 

d. Abdominal reflex in the muscles of the abdominal wall when 
the skin over the side of the abdomen is stroked ; the upper part 
Of this reflex is a very definite contraction at the epigastrium, and 
has been termed the epigastric reflex. 

e A series of similar reflex actions may be obtained in the 
muscles of the back, the highest being in the muscles of the scapula. 

f. Iu the region of the cranial nerves the most important 
reflexes are those of the eyo—(i) the conjunctival reflex, the 
movement of the eyelids when the front of the eyeball is touched ; 
and (ii) the contraction of tho iris on exposure of the eye to light, 
and its dilatation on stimulation of the skin of the neck. 

Tendon Reflexes.—When the muscles are in a atate of slight 
tension, a tap on their tendons will cause them to contract. The 
two so-called tendon reflexes which are generally examined are 
the patella tendon reflex or dncejerk, and the foot phenomenon or 
ankle-clonus. 

The knee-jerk.—The quadriceps muscle is slightly stretched by 
putting one knee over the other; « slight blow on the patella 
tendon causes 4 movement of the foot forwards, as indicated in 
the dotted line of fig. 490. This phenomenon is present in health. 

Ankleelonus.—This is elicited ns depicted in the next figure > 
the hand is pressed against the sole of the foot, the calf muscles 
are thus put on the stretch and they contract, and if the pressure 
is kept up a quick succession or clonic series of contractions is 
obtained. This, however, is not readily obtained in health. 

These phenomena are not true reflexes; the time that inter- 
venes between the tap and the response is so short that they must 
be due to direct stimulation of the muscles or of their tendons. 

Nevertheless, the idea that they are reflex is sypported by the 
following facts :— 

4. There are nerves in tendon. 
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2. The phenomena depend for their occurrence on the integrity 
of the reflex arc, Disease or injury to the afferent nerve, efferent 
nerve, or spinal grey matter, abolishes them. Thus they cannot 





Big. 4o0-—The Knew-ferks, (Gowern.) 


be obtained in locomotor ataxy (damage to the posterior nervo- 
roots), or in infantile paralysis (damage to the auterior horns of 
grey matter), 





Fig, 491-—Ankle-clonux, Gowers.) 


3. They are excessive in those conditions that increase the true 
reflex irritability, such as severance of brain from cord, and in 
lateral sclerosis, 

How, then, is it possible to reconcile these two sets of facts? 
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‘The explanation advanced by Sir Willinm Gowers does so best ; 
it is briefly as follows : 

(i) The tendon reflexes are not reflexes, but are due to direct 
stimulation of the muscle itself. 

(ii) Tn order that the muscle may respond it is necessary that 
it be in an irritable condition ; this is accomplished by putting it 
slightly on the stretch, and so calling forth the condition called 
tonus (see p. 136), a readiness to contract on slight provocation, 

ii) Muscular tonus depends on the integrity of the reflex 
arc. The sensory stimulus for this reflex muscular tone arises 
either in the muscle itself, or more probably in the condi- 
tion of the antagonistic muscles, (See more fully, noxt para~ 
graph but one.) 

(iv) Hence injury to apy part of the reflex arc, by abolishing 
the healthy tone of a muscle, deprives it of that irritable condition 
necessary for the production of these so-called reflex actions. 

Reciprocal Action of Antagonistic Muscles.—This is an 
interesting branch of muscle physiology related to the question 
of tendon reflexes, which we owe to the researches of Sherrington. 
Tn brief, he shows that the inhibition of the tonus of a voluntary 
muscle may be brought about by excitation of its antagonist. 

Movement at a joint in any direction involves the shortening 
of one set of muscles and the elongation of another (antagonistic) 
set. The stretching of a muscle produced by the contraction of 
its antagonist may excite (mechanically) the sensorial organs 
(probably the muxcle-spindles, see p. 93) in the muscle that is 
under extension ; in this way a reflex of pure muscular initiation 
may be started. Experiments show that electrical excitation of 
the central end of an exclusively muscular nerve produces inhibi- 
tion of the tonus of its antagonist. For instance, the central end 
of the severed hamstring nerve is faradised. This nerve contains 
in the cat 4510 nerve-fibres, and of these about 1810 are sensory 
in function*; these come from the flexor muscles of the knoe, not 
from the skin, The effect of the stimulation of the nerve on the 
tonus of the extensor muscles of the knee is seen (a) in elongation 
of those muscles, (b) in temporary diminution of the knee-jerk. 
The experiment may be varied as follows: the exposed flexor 
muscles detached from the knee, and therefore incapable of 
mechanically affecting the position of the joint, are stretched or 
kneaded. This produces a reflex elongation of the extensor 
muscles of the knee and a temporary diminution of the knee-jerk. 








* The number of sensory nerve-flbres is determined by counting the 
nerated fibres in the nerves after section of the posterior nerye-roota. 
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‘The effects are in fact the same as those produced by faradisa- 
tion of the central end of the nerve supplying them. It may 
therefore be that reciprocal innervation, which is a common form 
of co-orlination of antagonistic muscles, is secured by a simple 
reflex mechanism, an important factor in its execution being the 
tendency for the action of a muscle to produce its own inhibition 
reflexly by mechanical stimulation of the sensory apparatus in its 
antagonist. 

On p. 652 we have drawn attention to the three “nervowe 
cireles” by which an afferent impulse may affect the motor dis- 
charge from the anterior horn-cells of the cord ; there is the short 
path by the collaterals of the entering fibre which pass directly 
to these cells, and thore are the two longer paths, wid the cerebel- 
Tum and cerebrum respectively, In the execution of a voluntary 
action all three circles are in activity to produce the co-ordination 
and due contraction and elongation of antagonistic muscles which 
characterise an effective muscular act. Section of the posterior 
roots produces not only an inability to carry out reflex actions, but 
also Jeads to an inability to carry ont effectively those more compli- 
cated reflex actions which are called voluntary and in which the 
brain participates. Locomotor ataxy, or tabes dorsalis, is a slowly 
progressive disease, the anatomical basis of which is a degeneration 
of the nerve-units of the spinal ganglia. It is, therefore, analogous 
to a physiological experiment in which the posterior roots are 
divided, and although fibres may remain which still allow of the 
passage of nervous impulses, the action of the three circles is 
greatly interfered with ; the spinal reflex arc is at fault; this 
is shown by the loss of reflex action, the disappearance of the 
tendon reflexes, and the want of tonus in antagonistic muscles ; 
the main symptom of the disease is want of muscular co-ordina- 
tion, and this is produced not only by the lesion in the spinal 
cord, but is accentuated by the want of continuity in the other 
two circles, so that the brain is unable to effectively control the 
motor discharge from the anterior cornual cells. 





Reaction Time in Man.—The term reaction time is applied to the time 
oceupied in the centre in that complex response toa pre-arranged stimulus in 
which the brain as well as the cord comes into play. It fs sometimes called 
the personal equation. It may be most readily measured by the electrical 
method, and the accompanying diagram (fig. 492) will illustrate one of the 
numerous arrangements which bave been propased for the purpose. 

In the primary cirouit two keys 1 and J are included, and a chrono- 
graph (1), arranged to write on a revolving cylinder (fast rate), Another 
chronograph (2), marking 1-100ths of a second, is placed below this. The 
experiment is performed by two ns Cand D. The key A, under the 
control of @ is opened. The key #, under the control of Dis closed. The 
electrodes # are applied to some part of D's body, C closes A. The 
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primary circuit is made, and the sh moves. As soon a8 D fools 

the shock he opens 2, the current is thus , and the chronograph Jevor 

Ror Lo ae ee wane ote tha bro ae gt the 

mn 1), means ¢ time tracin, ten iron 

From this the time occupied by Recaoerdiieions along the. arvensis) Aa 

deducted, and the remainder is the reaction time. It usually varies from 

Te pal but is increased in :— 
Dilewma.—The primary circuit is arranged us before. Lead the 


E. 


1 


Pig. 4p2—Beaction time. 


wires from the secondary coil to the middle screws of a reverser without 
eross wires. To cach pair of end screws, attach a pair of électrodes A’ anil 
F’, applied to different parts of D's body (Fig. 492). 

Arrange previously that J is to open 3, & Ps ‘one part is stinulated, but 
not the other, ( adjusting the reverser unknown to D, Under these cir- 
cumstances the reaction time is longer. 

‘The reaction time in rexponse to various kinds of stimuli, sound, light, 


cc wo 






e 8, 
Fig. 403.—The Dilemma. 











pain, ete,, varies a good deal ; the condition of the subject of the experiment 
isalao an important factor. This, however, is really a practical branch of 
psychology, and has recently been much worked at by students of that 
Science, 
Special Centres in the Cord.—In addition to the general function of 
reflex action, the grey matter also exercises control over certain special actions. 
O it centre; this centre controlling the dilatation of the pupil is 
situated in the lower cervical region, reaching ns far down as the 
the first to the third thoracic nerve. 

Centres for defecation, micturition, erection, and parturition, are sitoated 
in the Jambar eolargement of the cord. 

Subsidiary vaso-motor centred are scattered through the grey matter, the 
jpal vaso-motor centre being situated in the bulb, 
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CHAPTER XLVIII. 
FUNCTIONS OF THE CEREBRUM. 


‘Tine brain is the seat of those psychical or mental processes which 
are called volition and feeling ; volition is the starting point in 
motor activity ; feeling is the final phase of sensory impressions. 

In the days of the ancients very curious ideas. prevailed as to 
the use of the brain. It is true that Alkmiion as early as 580 1.0. 
placed the seat of consciousness in the brain, but this view was 
of the nature of a guess, and did not meet with general accept- 
ance ; and two hundred. years later Aristotle considered that the 
principal use of the brain was to cool the hot vapours rising from 
the heart. At this time the seat of mental processes, especially 
those of an emotional kind, was supposed to be in the heart, an 
idea now confined to poets, or in the bowels, as those acquainted 
with such ancient writings as the Bible will know, 

As time went on truer notions regarding the brain came to the 
‘hus Herophilus (300 #.¢.) was aware of the danger attend- 
ing injury to the medulla; Aretwus and Cassius (97 4p.) knew 
that injury to one side of the brain produced paralysis of the 
opposite side of the body, and Galen (131—203 .p.) was acquainted 
with the main motor and sensory tracts in brain and cord. Be- 
tween that time and this, most of the celebrated anatomists have 
contributed something to our knowledge, and one may particularly 
mention Vosalius, Sylvius, Rolando, Gall, Carus, Willis, and 
Burdach; many of these names are familiar because certain 
structures in the brain to which they called attention have been 
christened after them. The erroneous notion that the brain was 
not excitable by stimuli lasted even to the days of Flourens and 
Magendie. In modern times, new methods of research in the 
microscopic and experimental direction have produced results 
which perhaps in no other branch of physiology have been of 
such immediate benefit to the human race, 





Effects of Removal of the Cerebrum. 


When the cerebral hemispheres are removed in a frog, it is de- 
prived of volition and of feeling ; it remains perfectly quiescent 
unless stimulated ; it is entirely devoid of initiatory power, but 
as we have already seen, it will execute reflex actions many of 
which are of a complex nature (see p. 660). 
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A pigeon treated in the same way remains perfectly motionless 
and unconscious unless it is disturbed (see fig. 494). When 
disturbed in any way it will move, for instance, when thrown into 
the air it will fy ; but these movements are, as in the frog, purely 
reflex in character. 

In mammals the operation of extirpation of the brain is attended 
with such severe hemorrhage that the animal dies very rapidly, 
but in some few eases where the animals have been kept alive, the 
phenomena they exhibit are precisely similar to those shown by a 
frog or pigeon. In the case of the dog portions of the cortex 
have beon removed piecemeal by Goltz of Strasburg, until at last 
the whole of the cortex has been extirpated. Such animals carry 
out co-ordinated movements of a complicated character very well, 








Fig. 40 —Pigeon after removal of the tarniapheres, (Dalton) 


but they manifest no intelligence, and have complete lack of 
memory. ‘They are in a condition analogous to that of the frogs 
and pigeons just mentioned, 


Localisation of Cerebral Functions. 


When the main function of the cerebrum was understood, 
physiologists were divided into two schools ; those who thought 
that the brain acted as a whole, and those who thought that 
different parts of the brain had different functions to perform. 
One of the most prominent of the first school was Flourens, and 
Goltz, whose work has been done chiefly on dogs, is about the 
ouly prominent living survivor of this set of physiologists. 
Gradually, as better methods haye come in, and especially since 
monkeys haye been used for experiment, those who believe in the 
localisation of function have multiplied ; and now, localisation of 
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cerebral function is more than a theory, it is an accepted fact, 
Perhaps the best practical evidence of this is the fact that experi- 
ments on monkeys have been taken as the basis for surgical 
operations on the human brain, and with perfect success. 

The earliest to work in the direction of localisation were 
Hitzig and Fritsch. The subject was then taken up by Ferrier 
and Yeo, and later by Schiifer, Horsley, ete., in this country, and 
by Munk and many others in Germany, In addition to those 
who have studied the matter from the experimental standpoint, 
must also be reckoned the pathologists, who in the post-mortem 
room have examined the brains of patients dying from cerebral 
disease, and carefully compared the position of the disease with 
the symptoms exhibited by the patients during life. In this way 
two series of independent investigations have led to the same 
results; both methods are essential, as many minor detaila dis- 
covered by the one method correct the erroneous conclusions which 
are apt to be drawn by those who devote their entire attention to 
the other, 

The main point which these researches have brought out is the 
overwhelming importance of the cortex; it contains the highest 
cerebral centres. Before Hitzig began his work, the corpus 
striatum was regarded as the great motor centre, and the optic 
thalamus as the chief centre of sensation ; very little note was 
taken of the cortex; it appears to have been almost regarded as a 
kind of ornamental finish to the brain. The idea that the basal 
ganglia were so important arose from the examination of the 
brains of people who had died from, or at least suffered from, 
cerebral hemorrhage. 

‘The most common situation for cerebral hemorrhage, is either 
in the region of the corpus striatum or optic thalamus; it was 
noticed that motor paralysis was the most marked symptom if 
the corpus striatum was injured, and sensory paralysis if the 
optic thalamus was injured. ‘The paralysig, however, is due, not to 
injury of the basal ganglia, but of the neighbouring internal capsule. 
‘The internal capsule consists in front of the motor-fibres passing 
down from the cortex to the cord, and behind of the sensory fibres 
passing up from cord to the cortex (see p, 645). Hence, if these 
fibres are ploughed up by the exeuping blood, puralysis naturally 
is the result. If a hemorrhage or injury és so limited ws to affect 
the basal ganglia only, and not the fibres that pass between them, 
the resulting paralysis is slight or absent. 

‘The qnestion will next be asked: What, then, is the function 
of the basal ganglia? They are what we may term subsidiary 
centres; the corpus striatum, principally in connection with 
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movement, and the optic thalamus, in connection with sensation, 
and especially with the sense of vision as its name indicates. 

A subsidiary centre may be compared to a subordinate official 
in an army. The principal centre may be compared to the 
commander-in-chief, ‘This highest officer gives a general order 
for the movement of a body of troops in a certain direction; we 
may compare this to the principal motor-centre of the cortex 
sending out an impulse for a certain movement in «limb, But 
the general does not give the order himself to each individual 
soldier, any more than the cerebral cortex does to each individual 
muscle; but the order ix first given to subordinate officers, 
who arrange exactly how the movement shall be executed, and 
their orders are in the end distributed to the individual men, 
who must move in harmony with their fellows with regard to 
both time and space. So the subsidiary nerve-centres or positions 
of relay enable the impulse to be widely distributed by collaterala 
to numerous muscles which contract in @ similar orderly, bar- 
monious, and co-ordinate manner. The subject of muscular co- 
ordination we shall consider at greater length in the next chapter, 
on the functions of the cerebellum, = _ 

There is just the same sort of thing in the reverse direction in 
the matter of sensory impulses, Just axa private in the army, 
when he wishes to communicate with the general, does so through 
one or several subordinate officers, so the sensory impulse passes 
through many cell-stations or subsidiary ceutres on the way to 
the highest centre where the mental process called sensation, that 
is, the appreciation of the impulse, takes place. 

There are two great experimental methods used for determining 
the function of any part of the cerebrum. Tho first is stimula- 
tion ; the second is extirpation. These words almost explain 
themselves; in stimulation a weak interrupted induction current 
is applied by means of electrodes to the convolution under investi- 
gation, und the resulting movement of the muscles of the body, 
if any occurs, ix noticed. In extirpation the piece of brain is 
removed, and the resulting paralysis, if any, is observed. 


It is esientind when the experiment of stimulating the cortex of the 
in is being performed that the animal shonkd be anmsthetised, other- 

wise voluntary or reflex actions will occur which mask those produced by 

stimulation. If, he animal is too deeply under the influence of # 

narootic the brain it i 

On p. 378 Ehrlich's 

ei anieiistised anitoal,the brain is inactive, and if the pigment ta jajouted 

into the blood, the brain is scen to be of a blue colour. If, however, a spot 

of the cerebral surface is stimulated, that part of the brain ix thrown 

into action, oxygen is used up, and the methylene blue is reduced, and’ im 











om, xEvitt.) MOTOR AREAS, 67t 


consequence that area of the brain loses ifs blue tint, If the animal isso 
deeply narcotised that the brain docs not discharge an ispalse, the part 
stimulated remains blue, 


By such means the cortex has been mapped out into what we 
may provisionally term motor areas, and sensory areas. 

Motor areas,—These areas are also termed sensori-motor or 
kinwathetic, for reasons which will be explained more fully later. 
The name Kolandic area which they have also received is derived 
from their anatomical position. 

Stimulation of them produces movement of some part of the 
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Pig. 495-—Degeneration after destruction (BN geod area of the right hemiaphere. 


opposite side of the body ; excitation of the same spot is always 
followed by the same movement in the same animal. In different 
animals excitation of anatomically corresponding spots produces 
similar or corresponding results. It is this which has enabled one 
to apply the results of stimulating areas of the monkey's brain 
to the elucidation of the function of the similar brain of man, 

Extirpation, or removal, of these areas produces paralysis of the 
same muscles which are thrown into action by stimulation, 

‘The degeneration tracts after destruction of the Rolaudie area 
are shown in fig. 495. 

The shaded area in each case represents the injured or de- 
generated material ; 4 in the cortex, pin the anterior part of the 
posterior limb of the internal capsule, © in ‘the middle of the 
erusta of crus and mid-brain, » in the pyramidal bundles of 
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paliplte the pyramid of the bulb, and in the crosted and 







direct pyramidal tracts of the cord. 

Sensory aroas.—Stimulation of these produces no direct 
movoments, but doubtless sets up a sensation called a 
sensation ; that is, one produced in the animal's own brain, and 
this indirectly leads to movernents which are reflex; thus on 
stimulating the anditory area there is a pricking up of the ears ; on 
stimulating the wiswal ares there is a turning of the head and eyes 
in the direction of the supposed visual impulse, ‘That such move- 
ments are reflex and not direct is shown by the long period of 
delay intervening between the stimulation and the movement. — 

Extirpation of a sensory area leads to loss of the sense in 

The rougher experiments performed by nature in the shape of 
diseases of the brain produce corresponding results. 

Some diseases are of the nature of extirpation. 

An instance of this is cerebral hemorrhage. Ifthe hwmorrhage 
is in the region of the internal capsule, it cuts through fibres to 
the muscles of the whole of the opposite side of the body, as they 
are all collected together narrow compass, and the condition 
obtained is called hemiplegia. The varieties of hemiplegia are 
numerous, according as motor or sensory fibres are most affected, 
and in one variety of hemiplegia, called crossed hemiplegia, the faco 
is paralysed on one side of the body, the limbs on the other; this 
in due to injury of the nerve-tracts in the bulb subsequent to the 
crossing of the fibres to the nucleus of the seventh nerve, but above 
the crossing of the pyramids (just below the asterisk in fig. 505). 

If now the hwmorrhage occurs on the surface of the brain, a 
much more limited paralysis, called monoplegia, is the result; if 
the arm area is affected, there will be paralysis of the opposite 
arm; if the leg area, of the opposite leg; if a sensory area, there 
will be loss of the corresponding sense. 

Some diseases, on the other hand, act as the induction currents 
do in artificial stimulation ; they irritate the surface of the brain ; 
auch a disease ig a tumour growing in the membranes of the 
brain ; if the tumour irritates a piece of the motor area, there will 
be involuntary movements in the corresponding region of the 
body ; these movements may culminate in the production of 
epileptiform convulsions commencing in the arm, leg, or other 
part of the body which corresponds to the brain ares irritated. 
It is these cases of “ Jacksonian Epilepsy” which have given the 
‘best results in surgery ; the movement produced is an indication 
of the area of the brain which is being irritated, and the surgeon 
after trephining is able to remove the source of the mischief. 
of the brain which is irritated is a sensory area, the 
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result produced is a subjective sensation, similar to what we 
imagine is produced in animalk with an electric current. 
We may now proceed from these general i 
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particular points, and give maps of the brain to show the areas 
we have been speaking of, 

Figs. 496 and 497 are views of the dog's brain. It is convenient 
to take this first 
because it was the 
starting-point of 
the experimental 
workon thesubject 
in the bands of 
Hitzig and Fritsch. 
If the text beneath 
the figure is con- 
sulted, it will be 
seen that the mo- 
tor areas, mapped 
out by the method 
of stimulation, are 
situated in the 
neighbourhood. of 
the crucial suleus, which 
corresponds to the fissure 
of Rolando in man. 

Coming next to the brain 
of the monkey, figures 4o8 
and 499 are reproductions 
from Ferrier. He marked 
out the surface into a mum- 
ber of circles, stimulation 
of euch of which produced 
movements of various sets 
of muscles, fice, arm, and 
log from below upwards ; 
extirpation of these same 
areas produced the corre- 
sponding paralysis, It will 
be further noticed that 
these areas are all grouped 
around the fissure of Ko- 
lando, particularly in the 
ascending frontal and as 
cending parietal convolu- 
tions ; hence the term Rolandie area which is often applied to 
this region of the brain, 

These facts, however, are of principal interest because of heir 








Vig. 499. 
Figs, 498 and 499.—Dingrams of monkey 
to show the effects af wlectric atirmulation of 
oortain spots, (According to Ferrier.) 
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application to the bursan briin, to which we now pass, The 
following maps of the human brain were prepared from data 
partly derived from the examination of the monkey's brain, and 
partly from the post-mortem examination of human braius in cases 
of brain divease. Fig. 500 shows the outer surface of the right 


FRONTAL 





Fig. :c0,—Bight cerebral hemisphere, outer surface. 





bral hemisphere with the names of the principal convolu- 
tions and fissures inserted. Fig. 50% gives the corresponding 
surface of the left hemisphere with the principal motor and 





Fig. sor-—-Laft cervbral heminphere, outer stirface 


sensory arens marked. Fig. 502 shows the mesial surface of the 
right hemisphere with the names of the convolutions and fissures. 
Fig. 503 gives the corresponding surface of the left hemisphere 
with the functional areas marked. 

Motor areas of the Human Brain,—Roughily, these occupy 
the conyolutions around the fissure of Rolando, and turn oyer the 
edge of the hemisphere into the marginal convolution of the mesial 
surface ; from below, up and backwards, we have the areas for 


xx2 
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the head, arm, and leg in the order named. More accurately the 
areas are as follows :— 

Head, neck, and face: lower two-thirds of the ascending frontal, 
bases of the lower and middle transverse frontal, a small piece 





Vig. so2.—Right cerebral hemisphere, mesial surface, 


rewching the front of the motor region in the marginal convolution 
of the mesial surface. 

Upper limb : upper third of the ascending frontal, the base of 
the upper transverse frontal, the ascending parietal (where the 





Fig. 50). Left corebral hemephere, mesial surface 


ventres of hand and wrist are situated), and the piece of the 
marginal behind the head-centre, 

Lower limb : the parietal lobule, and the posterior part of the 
marginal. 
Trunk: the marginal between the leg and arm areas. 

The next diagram (fig. 504) shows the relative position of the 
several motor-tracts in their course from cortex to crus, according 
9 Sir William Gowers. 
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The following diagram (fig. 505) shows a vertical section through 
the brain, and enables one to trace the motor-tracts to the nucleus 





Pig. s4-— Diagram to show the relative positions of the several motor tracts in their 


cours: from the cortex to the eras, Paes through the convolutions i» vertioal ; 
‘that throagh the internal aprile, horizontal = that through | the ore, omux ro 
horteontal. C.N., caudate Os Fin) optic al Iyasdl 





autor part of lenticular nucleus: vi, face, arm, ‘the words i 
itatles tnitionte corresponding iaure of Syltean (Gowers) 














Fig. gos Files are seen passing from the cowtea of tho Ralandie aren th 
radiata to the internal eaprule (7 few aollaterals to the, corpus 
are also put in. TR. inland 401 
C.N., caudate nualeus lenticular ndeleus. ‘The asterisk indientos the place of 
decusaation of the face fibres to VIL, the nucleus of the seventh nerve. C.P.T., 
‘oroesed pyramidal truct ; D.P.T., dirvet pyramidal tract, 








of the xeventh or facial nerve of the opposite side, and to the 
pyramidal tracts of the spinal cord, In this and in the 


‘The marginal convolution was first investignted by Schafer and 
Horsley, and to them belongs the credit of discovering the centre 
for the trunk muscles. If one marginal convolution is removed 
in an animal, there is much more marked paralysis of the 
limbs than of the trunk ; if the two marginal conyolutions are 
removed, there is very complete paralysis of the trunk as well as of 
the limbs, In cases of hemiplegia in man, there is usually very little 
paralysis of the trunk muscles. It is the muscles which act nor- 
mally unilaterally that are most parilysed, ‘The muscles of the 
trunk always normally move bilaterally ; thus we uso both sides of 
our chest in breathing ; both sets of back muscles in maintaining 
an erect position, and so on. The spinal centres of the museles 
of the two sides are, no doubt, connected by commissural fibres, 
and therefore can be affected from both sides of the brain. 

The Speech centre.—This is surrounded by a dotted circle in 
fig. 501. There are other centres concerned in speech besides 
this, but this is the centre for the muscular actions concerned in 
apeech, The discovery of this centro was the earliest feat in 
the direction of cerebral localisation. It was discovered by a 
French physician named Brooa; he noticed that patients who died 
after hemorrhage in the brain, but who previous to death exhi- 
bited a curious disorder of speech called aphasia, were found, after 
death, to have the seat of the hwmorrhage in this convolution. The 
convolutiou is generally called Broca’s convolution. Experiments on 
animals are obviously useless in discovering the centre for speech. 
The most curious fact about the speech-centre is that it is 
unilateral ; it is situated only on the left side of the brain, except 
in loft-handed people, where it is on the right. We are thus 
left-brained so far as the finer movements of the hand-muscles 
are concerned, and we are also left-brained in regard to speech, an 
action which is apparently bilateral, (Seo also p. 738.) 

‘The Sensory areas of the Human Brain.—These are much 
less accurately mapped out than the motor areas. They are in 
part coincident with the so-called motor areas, and in part situated 
behind th 
The visual avea is situated in the occipital lobe, and the angular 
rus, Extirpation of one occipital lobe in an animal, or disease 
of that lobe in man, produces blindness of the same side of each 
retina; this condition ix called hemianopsia. 

If, for instance, the right occipital lobe is removed, the result 
of the temporal half of the right retina, and the nasal 
retina, leading to an inability to see things in the 
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loft half of the field of vision; the animal turns its head and eyes 
to the same side ws the lesion, or in technical language there 
comjugate deviation of head and eyes to the right. 

Stimulation of the visual area (and this in true for both the 
occipital lobe and the angular gyrus) leads, no doubt, to a sub- 
jective visual sensation of the corresponding halves of the two 
retin. Suppose the right visual area is stimulated, the subjec- 
tive sensation will appear to come from the right halves of the 
retin@ ; the animal therefore imagines light i is wR on ite eyes 
from the left, and so there is conjugate deviation of the head and 
eyes to the left ; that is, the opposite side to that stimulated, 

The auditory avea was localised by Ferrier in the superior 
temporo-sphenoidal convolution. But there is considerable doubt 
whether this is correct ; it i so much more difficult to tell when 
an animal is deaf than when it is blind. Similar uncertainty 
exists as to the situations for taste and smell. No doubt they are 
closely connected, and they have been placed provisionally in the 
uncinate convolution, and tip of the temporo-sphenoidal lobe. 
‘The large size of these parts in animals with a keen sense of amell 
londs support to this idea. 

Tactile sensibility was localised by Schifer in the limbic lobe, 
but there is so much doubt about this, that-a query is placed after 
the words “ tactile sense," in the gyrus fornicatus in fig. 503. 

Munk's view, supported in this country by Bastian, Mott, and 
numerous others, is that the sensory fibres from the skin and 
museles terminate in the Rolandie area; and the histological 
researches of Golgi and Ramon y. Cajal (see figs. 481 and) 484) 
point to the same conclusion. This is, in fact, what one would 
expect ; volition and feeling are associated together so closely 
physiologically, that anatomically we should expect to find the 
commencoment of the volitional fibres contiguous to the termina- 
tions of the sensory fibres. ‘That this is really the caso has been 
shown by a careful examination of the sensation in animals in 
which the Rolandic area has beem removed, and in eases of hemi- 
plegia in man. A delicate test is to place a clip on the fingera 
or toes, taking care the animal does not see the clip put on. If 
there is loss of tactile sensibility the moukey either takes no notice 
at all of the clip or removes it afteralongdelay. Whereas if senga- 
tion is perfect the monkey at once seizes the clip and flings it away. 
It is found that the intensity of both the motor and sensory para- 
lysis are directly proportional to each other. Hence the term motor 
area, which we have been provisionally employing for the Rolandie 
area, should be replaced by the more correct term sensori-motor 
or kingsthetic area, ‘These new terms indicate that what really 
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occurs in the Rolandic area is a sense of movement, and this acts 
a4 a stimulus via the pyramidal tracts to the trae motor centres 
whioh are in the opposite anterior horn of the spinal cord, If the 
posterior roots of the spinal nerves are divided there is a loss of 
sensation, and so the sense of movement cannot reach the brain 
from the muscles, and consequently the muscles are not called 
into action ; when all the posterior roots coming from a limb in 
a monkey are cut, the muscles, so far as voluntary movements 
are concerned, are in fact as effectually paralysed as if the 
anterior roots of the spinal nerves had been cut. ‘The muscles, 
however, do not degenerate as they would if the anterior roots 
had been cut, They merely undergo a small amount of wasting 
due to want of use (‘disuse atrophy "). 

‘The question will then be asked, what is the function of the gyrus 
fornicatus? On removal of this convolution there is some loss of 
sensation ; this has been explained by the fact that on removing 
this area of grey matter it is almost impossible to avoid injury to 
the white matter beneath it, and thus there will be loss of function 
due to division of the fibres on the way to the marginal convolti- 
tion, which is like the Rolandic area, sensori-motor in function. 

Prof, Schafer is one prominent worker who has not accepted 
Munk's views on this subject. He still regards the Rolandic 
area ax essentially motor in function. Naturally, he does not 
deny that it has connections with sensory fibres, but he considers 
it incorrect to speak of the area as a sensory one. He has 
produced injuries of the area without obtaining any loss of 
sensation, and in testing the sensations of his monkeys employs 
the method of stroking the skin, which ho regards as more truste 
worthy than Schiff’ clip test. ‘The sensory disturbances observed 
by other investigators he regards as due to general disturbance of 
the whole brain produced by the severity of the operation. The 
exact localisation of the tactile areas must be left to the fature, 
as in his most recent experiments Schafer has failed to confirm 
his carlicr ones on the gyrus fornicatus. 

On referring once more to the maps of the brain, it will be 
seen that there is a large blank in the anterior part of the frontal 
region. This is left blank because its function is absolutely uu- 
known. Extirpation or stimulation of this part of the brain in 
animals produces no appreciable result. It has also been removed 
accidentally in man, as in the celebrated American crowbar acci- 
dent ; owing to the premature explosion of a charge of dynamite 
in one of the American mines, a crowbar was sent through the 
frontal region of the foreman's head, removing the anterior part 
of his brain. He, however, recovered, and no noteworthy 
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symptoms wore observed in him during the rest of his life. He, 
indeed, returned to his work as overseer of the mine. 

The large size of this portion of the brain ix very distinctive of 
the human brain, and it has therefore been supposed that here 
is the seat of the intellectual faculties. This may be so, but 
experimental physiology lends uo support to this view, as the 
sensory centres (and sensations are the materials for intellect) are 
aitnated behind or within, and not in front of, the Rolandic area. 

A very Jange amount of the white matter of the brain ix 
composed of association bres which link eonvolution to con- 
volution. In the development of the brain these are the last 
fibres to become myelinated; white fibres do not become 
fanetional until they receive their medullary sheath. ‘This 
coincides with the well-known fact that association of ideas is the 
Inst phase in the psychical development of the child. 


CHAPTER XLIX. 
FUNCTIONS OF THE CEREBELLUM, 


In past times there have been several views held as to the 
fanctions of the cerebellum. One of the oldest of these was the 
idea that the cerebellum was associated with the function of 
generation ; another view, first promulgated by Willis, was that 
the cerebellum contained the contres which regulate the fanctions 
of organic life; this arose from the circumstance that diseases 
of the cerebellum are often associated with nausea and yomiting ; 
it is a familiar fact that in displacements of equilibrium such as 
oceur on board ship in a rough sea, or in the disense called 
Moniére’s disease, sickness is a frequent result; it appears from 
this that the cerebellum does receive from or send to the viscera 
certain impulses, ‘The third and last of these older theories was 
that the cerebellum was the centre for sensation. This arose 
from the fact that certain of the afferent channels of the spinal cord 
were traced into the cerebellum. The impulses that travel along 
these, however, though afferent, are not truly sensory, and their 
reception in the cerebellum is not associated with consciousness. 

The true function of the cerebellum was first: pointed out by 
Flourens, and our knowledge about it has not advanced much 
from the condition in which Flourens left it. He showed. that 
the cerebellum is the great centre for the co-ordination of museu- 
lar movement, and especially for that variety of co-ordination 
which is called equilibration—that. is, the harmonious adjustment 
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of the working of the muscles which maintain the body in a 
position of equilibrium. 

It must not be supposed from this that the cerebellum is the 
wole centre for co-ordination. We have already seen that all the 
machinery necessary for carrying out very complicated locomotive 
movements is present in the spinal cord. The higher centres set 
this machinery going, and the work of arranging what muscles 
are to act, and in what order, ix carried out by the whole of the 
irey matter from the corpora striata to the end of the spinal 
cont, including such outgrowths as the corpora quadrigemina and 
corebellim. An instance of a complex co-ordinated movement is 
seen in what we learnt to call in the last chapter conjugate 
deviation of head aud eyes, The higher cortical centre gives the 
general word of command to turn the head and eyes to the right: 
the subsidiary centres or subordinate officials arrange that this 
is to be accomplished by the external rectus of the right eye 
supplied by the right sixth nerve, the internal rectus of the left 
eye supplied by the left third nerve, and numerous muscles of 
neck and back of both sides supplied by numerous nerves. We 
thus sce how the complicated intercrossing of fibres and connee- 
tions of the centres of the various nerves are brought into play. 

The functions of the cerebellum are investigated by the same 
two methods of experiment (séimuation and extirpation) that are 
employed in similar researches on the cerebrum. The anatomical 
connections of the cerebellum with other parts of the cerebro- 
spinal axis have been chiefly elucidated by the degeneration 
method. Each side of the cerebellum has three peduncles; the 
mperior paxluncle connecting it to the opposite hemisphere of the 
cerebrum, the inferior peduncle connecting it to the same side of 
the spinal cord, and the middle peduncle contains fibres which 
link the two halves of the cerebellum together in a physiological 
though not in an anatomical sense. The inferior peduncle termi 
nates in the vermis; in some of the lower animals the vermis 
is practically the only part of the cerebellum which is present, 
and it is this part of the cerebellam which is. principally con- 
cemed in the co-ordination of the bodily movements. | The cere- 
bellar hemispheres are especially connected with the opposite 
cerebral hemispheres ; and possibly just as the different regions 
of the body have corresponding areas in the cerebrum, so nlso 
they are similarly represented in the cerebellum ; but localisation 
of funetion in the cerebellum has not gone sufficiently far yeb to 
make this a certainty. 


After hemi-extirpation, degeneration cceurs in the patuncles of the same 
Hy there are, therefore, no commissural Sbres that actualy pass from 
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one hemisphere to the other. In the superior peduncle, the degenerated 
fibres pass chicfly to the tegmental nucleus of the opporite side, but partly 
‘to that of the same side : in other words, the decussation of these poduncles 
in the mid-brain is not complete, Some fibres are traceable to the optic 
thalamus. The middle peduncle is completely degenerated as far as the 
raphe, where ita fibres intermingle with those from the opposite side. The 
inferior peduncle wna stated by Luciani and Marchi to be also di ted. 
and these observers traced the fibres down into the conl. But their state. 
ments have not been confirmed by the most recent and carefal work of 
Ferrier and Risien Russell, If such fibres do exist, their exact course has 
yet to be discovered (hence the use of a dotted line in fig. 484. p. 651). 
Rome degenerated fibres in the inferior peduncle have been traced to the 
opposite lower olivary body which completely atrophies.and also to the nuclews 
of Deitern (ace p, 628), the cells of which are probably cell stations on the 
course of the fil that emerge from the ecrebellum, 


If the cerebellum is removed in an animal, or if it is the sent 
of disease in man, the result is a condition of slight muscular 





Pig, 406. —Pizron after retmoval of the cerebellum. (Daltont,) 


weakness ; but the principal symptom observed is ineo-ordina- 
tion, chiefly evidenced by a staggering gait similar to that seen 
in a drunken man, [tis called cerebellar atexy. 

‘This condition is well illustrated in the above figure (fig. 506) ; 
the disturbed condition of the animal contrasts very forcibly with 
the sleepy state produced by removal of the cerebrum (see fig. 494). 

In order that the cerebellum may duly execute its function of 
equilibration it is necessary that it should send out impulses; this 
it does by fibres that leave its cells and pass out through its 
peduncles ; they pass out to the opposite cerebral hemisphere, and 
80 influence the discharge of the impulses from the cortex of the 
cerebrum. It is also probable that impulses pass out to the cord 
(see dotted line in fig. 484), but the exact course of these fibres, 
if they do exist, has still to be worked out. The only way of 
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which we have any certain knowledge by means of which the 
cerobellum influences the motor discharge is as an elaborate cell 
station on the course of sensory impulses to the cerebrum. 

‘The cerebellum thus acts upon the muscles of the same side 
of the body in conjunction with the cerebral hemisphere of the 
opposite side. The close inter-relation of one cerebral with the 
opposite cerebellar hemisphere is shown in cases of brain disease, 
in which atrophy of one cerebellar hemisphere follows that of the 
opposite cerebral hemisphere (see fig. 507). 

Tn onder that the cerebellum may send out impulses in this 
way, it is necessary that it receive impulses which guide it by 
keeping it informed of the position of the body in space. These 
afferent impulses are of four kinds, namely :— 


1, Tactile, 3 Visual, 
2. Musoular. 4- Labyrinthine, 


We will take these one by one :— 


1, Tactile impressions.—The importance of impulses from the 
skin is shown in those discnses of the sensory tnuts (expecially 
locomotor ataxy) where there is 
diminution in the tactile sense 
in the soles of the feet. In such 
cases the patient cannot stand 
with his eyes shut. The same 
effect may be produced experi- 
mentally by freezing the soles of 
the feet. 

Again, if the skin is stripped 
from the hind limbs of a brain- 
leas frog, it is unable to execute 
such reflex actions as climbing 
an inclined plane, which it ean 
do quite well when the skin is 
uninjared, 

2. Muscular impressions.—Quite as important as the tactile 
sense from the skin is the muscular sense, the sense which 
enables ua to know what we are doing with our muscles We 
have hitherto chiefly spoken of the muscular nerves as being 
motor; they also contain sensory fibres; these pass from the 
muscles, and their tendons to the posterior roots of the spinal 
nerves, and the impulses ascend the sensory tracts through cord 
and brain to reach the cerebellum and the Rolandic ares. In 

cases of locomotor ataxy there is but little loss of tactile 
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sensibility, and the condition of inco-ordination is then chiefly 
due to the loss of the muscular sense. 

3. Fésual impressions,—The use of visual impressions in guid- 
ing the nervous centres for the maintenance of equilibrium is 
seen in those cases of locomotor ataxy where there ix loss of 
equilibrium when the patient closes his eyes. Destruction of the 
eyes in animals often causes them to spin round and lose their 
balance. The giddiness experienced by many people on looking 
at moving water, or after the onset of a squint, or when objects 
are viewed under unusual cir- 
cumstances, a8 in the ascent of 
& mountain railway, is due to 
the same thing, The importance 
of keeping one’s eyes open is 
brought home to one very 
forcibly when one is walking in a 
perilous position, as along theedge 
of a precipice, where an upset 
of the equilibrium would be at- 
tended with serious consequences. 

4. Labyrinthine impressions. — 
‘These are the most important 
of all; they are the impressions 
that reach the central nervous 
system from that part of the 
internal ear called the labyrinth. 
Here, however, we must pause 
to consider first some anatomical 
facta in connection with the semi- 
circular canals that make up the 
labyrinth. Fig. 508 is wn ex- 
ternal view of the internal ear; 
it is enclosed within the petrous 
portion of the temporal bone ; 








and consists of three parts—the yestibule(1), the three semi- 
cireular canals (3, 4, 5) which open into the vestibule, and the 
tube, coiled like @ snail's shell, called the cochlea (6, 7, 8). The 
cochlea is the part of the apparatus which is concerned in the 
reception of ax 'y impressions ; it is supplied by the cochlear 
division of the eighth or auditory nerve. The remainder of the 
internal ear is concerned not in hearing, but in the reception of 
the impressions we are now studying. Within the vestibule are 
two chambers made of membrane, called the utricle and the 
saceule ; these communicate with oue another and with the canal 
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of the cochlea. Within each bony semicircular canal is a mem 
branous semicircular canal of similar shape. Each canal is filled 
with a watery fluid called endolymph, and separated from the 
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‘Abrus coat of the membrans 
bony canal by another fuid called perilymph. Each canal has a 
swelling atone end called the ampulla. ‘The membranous canals 
open into the utricle ; the horizontal canal by each of its ends ; 








Fig. 51.Section through the wall of the ampulla of @ setniciroular canal, 
Saroag ‘thetiam: #, tunies propria; 5, Mbroas bay 
H pla, into whch the haiis of ibe habeecolle 





project. [After Sohiter 


the swperior and posterior vortical canals by three openings, these 
two canals being counceted at their non-umpullary ends. 
Fig. 509 shows in transverse section the in which the 
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Ybranous is contained within the bony canal ; the membranous 
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canal consists of three layers, the outer of which is fibrous and 
continuous with the periosteum that lines the bony canal; then 
comes the tunica propria, composed of homogensous material, and 
thrown into papille except just where the attachment of the 
membranous to the bony canal is closest; and the inmermost 
layer is a somewhat flattened epitheliam. 

At the ampulla there ix a different appearance; the tunica 
propria is raised into a hillock called the erista acousticn (see 
fig. 510); the cells of the epithelium become columnar in shape, 
and to some of them fibres of the auditory nerve pass, arborising 
round them; these cells are 
provided with stiff hairs, which 
project into what is called the 
cupla, a mass of mueuslike 
material containing otoliths or 
crystals of calcium carbonate. 
Between the hair-cells are fibre- 
cells which act as supports (fig. 
511). When the endolymph in 
the interior of the canals is 
thrown into vibration, the hairs 
of the hair-cells are affected, and 
a nervous impulse is set up 
im the contiguous nerve-fibres, 
which carry it to the central 
nervous system. 

The walls of the saccule and 
utricle are similar in composi- 
tion, and cach has a similar 
hillock, called a macula, to 
the hair-cells on which nerve- 
fibres are distributed. 

The macula of the utricle and the cristw of the superior and 
horizontal canals are supplied by the vestibular division of the 
eighth or auditory nerve, The macula of the sweule and the 
crista of the posterior canal are supplied by a branch of the 
cochlear division of the same nerve (see p. 719). 

When these canals are diseased in man, as in Menidre's disease, 
there are disturbances of equilibriam = a feeling of giddiness, whieh 
may lead to the patient's falling down, is associated with nausea 
and vomiting. In animals similar results are produced by injury, 
and the subject has been chiefly worked out on birds by Flourens, 
where the canals are large and readily exposed, and more recently 
in fishes, by Lee. 
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‘Thus if the horizontal canal is divided in ich 
thrown into # series of oscillations in a egal “aes 

are increased by section of the corresponding canal of the opposite 
side. After seotion of the vertical canals, the forced movements 
are in a vertical plane, aud the animal tends to turn somersaults. 
“When the whole of the canals are destroyed on both sides 
the disturbances of equilibrium are of the most pi 
character. Goltz describes a pigeon so treated which always 
kept its head with the occiput tonching the breast, the vertex 
directed downwards, with the right eye looking to the left and 
the left looking to the right, the head being incessantly swang: 
in & pendulum-tlike manner, Cyon says it is almost impossible to: 
wive an idea of the perpetual movements to which the anixanl is: 
subject. It can neither stand, nor lie still, nor fy, nor maintain 
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any fixed attitude, It executes violent somersaults, now forwards, 
now backwards, rolls round and round, or springs in the air and 
falls back to recommence anew. It is necessary to envelope the 
animals in some soft covering to prevent them dashing themselves 
to pieces by the violence of their movements, and even then not 
always with snccess. The extreme agitation is manifest only 
during the first few days following the operation, and the animal 
may then be set free without danger; but it is still unable to 
stand or walk, and tumultuous movements come ou from the 
slightest. disturbance. But after the lapse of a fortnight it is 
able to maintain its upright position with some support, At this 
stage it resembles an animal painfully learning to stand and walk. 
In this it relies mainly on, its vision, and it is only necessary, to 
cover the eyes with a hood to dispel all the fruits of this new 
education, and cause the reappearance of all the motor disorders.” 
ier.) 
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It is these canals which enable all of us to know in which 
direction we are being moved, even: though as tack peo) 
and the feet are not allowed to touch the 
whirled round, such a person knows in which prnteei he ix 
being moved, and when the whirling stops he seems, especially if 
he opens his eyes, to be whirling in the opposite direction, owing 
to the rebound of the fluid in the canals. The forced movements 
just described in animals are due either to the absence of the 
normal sensations from the canals, or to delusive sensations 
arising from their irritation, and the animal makes efforts to 
correct the movement which it imagines it is being subjected to, 

It will be noticed that the canals of each side are in three 
planes at right angles to each other, and we lear the movements 
of our body with regard to the three dimensions of space by 
means of impressions from the ampullary endings of the auditory 
nerve ; these impressions are set up by the varying pressure of 
the endolymph in the ampullie. 

‘Thus a sudden turning of the head from right to left will cause 
movement of the endolymph towards, and therefore increased 
pressure on, the ampullary nerve-endings of the right horizontal 
canal, and diminished pressure on the corresponding nerve-endings 
of the left side. 

“One canal ean be affected by, and transmit the sensation of 
rotation about one axis in one direction only; and for complete 
“perception of rotation in any direction about any axis, six canals 
are required in three pairs, each pair being in the same or parallel 
planes, and their ampulle turned opposite ways. Each pair 
would thus be sensitive to any rotation about a line at right 
angles to its plane or planes, the one canal being influenced by 
rotation in one direction, the other by rotation in the opposite 
direction.” (Crum-Brown.) 

The two horizontal canals are in the same plane ; the posterior 
vertical of one side is ins plane parallel to that of the superior 
vertical of the other side (see fig. 512). 

These four set of impressions (tactile, muscular, visual, and 
labyrinthine) reach the cerebellum by ita peduncles; from the 
eyes through the superior peduncle, from the semicircular canals 
through the middle and inferior peduncles, and from the body 
generally through the restiform body or inferior peduncle. Section 
and stimulation of the peduncles cause inco-ordination, chiefly 
evidenced by rotatory and cirous movements similar to those that 
occur when the nerve-endings in the semicircalar canals are 
destroyed or stimulated. Stimulation of the cerebellum itself 
—and this has been done through the skull in man—causes 
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giddiness, and consequent muscular efforts to correct it. 
results of stimulation, indeed, are precisely analogous to thowe 
extirpation, only im the reverse direction. 





CHAPTER L. 
SENSATION. 
Burone passing to the study of the various special senses, 


there are a number of general considerations in connection with 


the subject of sensation that demand our attention. 

The psychologist divides the mental phenomena, which the 
physiologist localises in the brain, into three main categories =— 

1, Intellectual : porceiving, remembering, reasoning, ke. 

2. Emotional : joy, love, hate, anger, &c, 

3: Volitional : purposing, deliberating, doing. 

‘These are all closely connected together, and are all preseut in 
each healthy brain; but according as one or other may predomi- 
nate, we speak of ‘intellectual, emotional, or strong-willed indi- 
viduals. The connection is especially close between intellect and 
will, which represent as it were the two sides of what we may 
call a conscious reflex action ; the intellect gives the reason or 
stimulus for the exercise of the volitional power, ‘The emotions 
are more complex, and we shall not discuss them; they are 

luborate mental processes, in which sensations predominate. 

The intellectual faculties are derived from the senses; sensa- 
tions form the materials for intellect; in other words, wo know 
and learn from what we see, feel, hear, taste, and smell. People 
born blind or doaf thus labour under the great disadvantage of 
having one or the other channel of knowledge closed ; they can, 
however, make up for this in some measure by an education, and 
consequent increased sensibility of the channels that remain open. 

The simplest mental operation is a sensation—that is, the 
conscious reception on the mind of an impression from the external 
world. For this the following things are necessary :-— 

1. A stimulus. 

2. A nerve-ending to receive it. 

3. A path to the brain. 

4. A part of the brain to receive the impulse. 

The brain refers the sensation to the nerve-ending which 

ived the stimulus; thus pain in the finger is referred to the 
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finger, the sight of an object to the oyes, &c. If the ulnar nerve 
is stimulated by a knock on the elbow, the sensation is referred 
to the fingers where the nerve ix distributed ; if the stump of a 
recently amputated leg be stimulated, the brain not having got 
used to the new condition of things, refers the sensation to the 
toes, which still seem to be 

Perception is « more complicated mental process ; it connists 
in the grouping of sensations, and the imayining of the object 
from which they arise, and which is called the pereept. The 
smell, the taste, the colour, &c., of an orange are all sensations ; 
the grouping of these together constitutes the perception of an 
orange. Each mental process leaves an impress on the mind ; 
these impressions build up Memory, OF representative imagination ; 
this may be reproductive, as in recalling a friend's face; or 
constructive, a8 in picturing the face of an historical person. 

During the whole operation, moreover, there must be attention ; 
it is quite possible, for instance, in a dreamy person, that he may 
look at a thing without seeing it, or be present wt a lecture 
without hearing it. 

‘The more complex intellectual operations consist in the forma- 
tion of concepts, and reasoning the grouping and discrimination of 
conceptions. Just as perception ix built up of sensations, 40 
conception is built up of perceptions, Thas the orange of our 
previous example is learnt to be one of similar substances called 
fruits; fruits to be products of the vegetable, as distinguished 
from the animal world, and so on. 

This is seen in the education of « child; at first scattered 
sensations only are perceived, and education consists in learning 
what these sensations correspond to in the external world, wnd 
how they may be classified. The other mental faculties are in 
the same way built of simpler material ; the volitional operations 
are at first simple responses to external conditions; later on they 
become more complex and representative, culminating in speceh, 
the most. complicated movement of all, The emotions, too, are 
at first simple, and merely exaggerated sensations ; the higher 
ones are complex and representative. 

The nerve-endings that receive the impression from the external 
world are of various kinds. They may be simply ramifying and 
interlacing plexuses of nerve-fibrils, ax in the cornea, parts of 
the skin, and in the interior of the body; this kind of nerve- 
ending is chiefly associated with general sensihility, that vague 
kind of sensation which cannot be put under any of the special 
headings—taste, sight, hearing, touch, and smell. The nerve 
endings of the nerves of special sense are usually end-organs of « 
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specialised kind. he most frequent kind of sensory end-orgat is 
made of what is called nerve-epithelium ; certain epithelial cells of 
the surface of the body become peculiarly modified, and grouped 
in special ways to receive the impressions from the outer world ; 
these send an impulse into the arborisations at the termination of 
the axiscylinders of the nerves which envelop the cells, One 
of these varieties of nerye-cpithelium we have already made the 
nequaintance of, in the hair-cells of the semicircular canals; we 
shall find other kinds in the bair-cells of the cochlea, in the rods 
and cones of the retina, do. 

Pain is due to an excessive stimulation of the other 
nerves, but there is some evidence that it may be a distinct sen- 
sation. Thus in some cases of diseases of sensory channels, tactile 
sensation may be intact, but sensitiveness to pain absent, and 
vice versd ; see also p. 658. 

The other essential anatomical necessities for a sensation, the 
channels to the brain with their numerous cell-stations on the 
road, and the parts of the brain to which these tracts pass, we 
have already dwelt upon. Some of these points we shall, how- 
ever, be obliged to return to, especially in convection with vision. 
But here it is sufficient to insist on the necessity of the presence 
not only of the end-organ, but also of the nervous tmets and 
centres. Blindness, for instance, may not only be due to disease 
of the eye, but also to disease of the optic nerve, or of the parts 
of the brain to which the optic nerve passes, 

A small stimulus, or a small increase or decrease in a big 
stimulus, will have no effect ; a light touch, a feeble light, 
gentle sound, may be so slight as to produce no effect on the 
brain. The smallest stimulus that produces an effect is called 
the lower limit of excitation or the liminal (from fi 
threshold) tntensity of the sensation. The height of sensibility or 
maximum of excitation is a stimulus, so strong that the brain 
is incapable of recognising any increase in it; a bright light, 
for instance, may be so intense that any increase in its brightness 
is not perceptible. Between these two extremes we bave what 
is called the range of sensibil Most of our ordinary sensations 
fall somewhere about the middle of the range, and Weber's or 
Fechner’s law is a law that regulates the proportion between the 
stimulus and the sensation, and which is operative for this region 
of the range of sensibility. In general terms it may be stated 
that sensations increase as the logarithm of the stimuli; or, in 
order that the intensity of a sensation may increase in arith- 
metical progression, the stimulus must increase in a geometrical 


progression. 
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A definite example will help us to understand these mathe- 
matical terms a little better. We will select our example from 
the sense of vision, because the intensity of the cause of visual 
sensations, light, is easily measurable. Suppose a room lighted 
by 100 candles, and one candle more is brought in, the increase 
of light produced by the extra candle is quite perceptible to the 
eye; or if acandle were removed, the decrease in ight would be 
perfectly appreciable. Next suppose the room lighted by 1,000 
candles, and one extra was brought in, no difference would be 
seen in the amount of illumination ; in order to notice increase or 
decrease in the light it would be necessary to bring in ten oxtm 
candles, or take away ten of the candles, as the case might be. 
In cach case an increment or decrease of one-hundredth of the 
original light is necessary to cause a corresponding increase or 
diminution in the sensation. 

‘This is after all a perfectly familiar fact ; a farthing rushlight 
will increase the illumination in a dimly-lighted eellar, but it 
makes no apparent difference in the bright sunshine. 

The magnitude of the fraction representing the increment of 
stimulns necessary to produce an increase of sensation determines 
what is called the discriminative sensibility. This fraction differs 
considerably for different senae-organs ; thus :— 

For light it is rhs. 

For sound it is 4. 

For weight it re 

For temperature it is §. 

For tactile pressure 4 to } in different parts of the body. 

Another general consideration in connection with sensation is 
that the sensation lasts longer than the stimulus; a familiar 
instance of this is the sting after a blow. The after-sensations, as 
they are called, have been specially studied in connection with the 
eye (see After-images). 

Subjective sensations are those which are not produced by 
stimuli in the external world, but arise in one’s own inner con- 
sciousness ; they are illustrated by the sensations experienced 
during sleep (dreams), and in the illusions to which mad and 
delirious people are subject. 

Homologous stinulii—Kach kind of peripheral end-organ is 
specially suited to respond to & certain kind of stimulus, The 
homologous stimuli of the organs of special sense may be divided 
into: 








Vibrations set up nt a distance withont actual contact with 
the object ; for instance, light and radiant heat, 
2. Changes produced by actual contact with the object; for 
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instance, in the production of sensations of taste, touch, weight, 
and alteration of temperature by conduction ; in the case of the 
olfactory end-orguns, the sensation is also excited by material 
particles given off by the odoriferonx body, and borne by the air 
to the nostrils. In sound also, though there is no actual contact 
of the ear with the vibrating body which emits the sound, the 
organ of bearing ia excited by waves of material substance, first 
of air, then of bones, then of endolymph, and these excite the 
nerve-endings of the internal ear. 

When the eye is excited by any other kind of stimulus than by 
light, which is its adequate or homologous stimulus, the sensation 
experienced is light all the same ; for instance, one sees sparks when 
the eyeball is struck ; singing in the ears, the result of an accumula- 
tion of wax against the membrana tympani, is a similar example. 

This brings us to the conclusion of this chapter by leading to 
the question, Is there such a thing a8 specific nerve-energy ? Tt is 
an old question, but the unswer has still to be found. Sight is a 
different thing from hearing, and both are different from taste 
and smell. What is the difference really due to? Can it be 
explained by supposing that the nervous impulse along the optic 
nerve is a different kind of molecular change from that which 
accompanies gustatory or auditory impulses? Or can it be 
explained by supposing that the main difference is in the end- 
organ, or in the psychical process which interprets the impulse 
from the end-organ? Until we know more about the nature of 
the molecular change which constitutes a nervous impulse, it ix 
merely a matter of speculation whether specific nerveanergy exists. 
(See Langley's experiments, p. 303.) 





CHAPTER LI. 
rouen. 
Unper the general heading Touch we shall include the various 
kinds of sensory impressions that start from the skin and muscles. 
Tactile End-organs. 


Kirst, however, it is necessary to study the varieties of end- 
organs concerned in the reception of the impressions. They are 
of numerous kinds, but the following are the principal ones -— 

Pacinian Corpuscles.—T hese are named after their discoverer, 





om. LI] TACTILE END-ORGANS. 695 


Pacini. They are little oval bodies, situated on some of the cereliro- 
spinal and sympathetic nerves, especially the cutaneous nerves 
of the hands and feet, where they lie deeply placed in the true 
skin. They also occur on the nerves 
of the mesentery of some animals like 
the cat. They have been observed 
also in the pancreas, lymphatic glitnds 
and thyroid glands, as well as in the 
penis. They are about 5 inch long. 
Kach corpuscle is attached by a narrow 
pedicle to the nerve on which it is 
situated, and is formed of several 
concentric layers of membrane, con- 
sisting of a hyaline ground-membrane 
with connective-tissue fibres, each layer 
being lined by endothelium (figs. 514, 
515); through its pedicle passes a single 
nerve-fibre, which, after traversing the 
several concentric layers and their in- 
termediate spaces, loses its medullary 
sheath and enters a central core, at or 
near the distal end of which it termi- 
nates in an arborisation. Some of these 
layers 4re continuous with those of Pe. Fico naereah tense 
the perineurium, but some are super- ‘corpuscles sige sts 
added. In Home cases two nerve-fibres — HYuuHteule wad Kalter? 
have been seen entering one Pacinian 

body, and in others a nerve-fibreafter passing unaltered through 
one has been observed to terminate in a second Pacinian corpusele. 

The corpuscles of Herbst (fig. 516) are closely allied to 
Pacinian corpuscles, except that they are smaller and longer with 
@ row. of nuclei around the central termination of the nerve in the 
core. They have been found chiefly in the tongues and bills of 
ducks. The capsules are nearer together, and towards the centre 
the endothelial sheath appears to be absent. 

End-bulbs are found in the conjunctiva (where in man they 
are spheroidal, bat in most animals oblong), in the glans penis 
and clitoris, in the skin, in the lips, in the epineurium of nerve- 
trunks, and in tendon; each is about «hy inch in diameter, oval 
or spheroidal, and is composed of a medullated nerve-fibre, which 
terminates among cells of various shapes. Its capsule contains 
4 transparent or striated core, in the centre of which terminates 
the axis-cylinder of the nerve-tfibre, the ending of which is 
somewhat clubbed (fig. 517). 
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Touch-corpuscles (figs 518, 520) are found in the papillae 
of the skin of the fingers and toes They are small oblong 
masses, about 5}, inch long, and ghy inch broad, composed of 
connective-tissue, surrounded by elastic fibres and a capsule of 
more or less numerous nucleated cella. They do not occur in all 





Mie. s14.—Racinian corpuscle of the cat's meneatary., ‘The stalk consists of nerve 
) with ie thick outer sheath. ‘The periphern! eapaules of tho Tucinian corpuvcle 
Ary continuous with the outer sheath of ‘The intermediary part becomes 
much narrower near the entrance of the axis-cylinder into the clear central care. = 
hosi-Mapel teemtuation (1) ta ween Sx se voper part. A es-vese (27 
tho Paint how the en yosscabee heath which, ts te 
Sadiacathn of tas pusipbees copmaioy of tbe ‘Fassia woman h tost (Klein 
‘and Noble Smith.) 


the papillw of the parts where they are found, and, as a rule, in 
the papillw in which they are present there are no blood-vessels, 
The peculiar way in which the medullated nerve winds round 
and round the corpuacle before it enters it is shown in fig. 520. 
™+ Imes ite sheath before it enters into the interior, and then 
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its axis cylinder branches, and the branches after either a straight 
or convoluted course terminate within the corpuscle. 





Figs $15—Summit of & Pacinian corpuscle of the human finger, showing the endothetial 
$*5~Sembmaues tuning the cajeulon: X se0.” (ifiein aanl Nablo erat.) 


The corpuscles of Grandry (fig. 519) form another variety, 
and have been noticed in the beaks and tongues of birds. They 





Fig. 516.—A o le of Herbst, from Fig, $17.—End-balb of Krause. o, me- 
‘the tongue of a duck, a, medulinted ‘Gullated nerveetibre; 0, capsule of 
nerve cutaway. (Klein.) corpascle, 


consist of oval or spherical cells, two or more of which compressed 
vertically are contained within a delicate nucleated sheath. The 


sp Torre, teem 


erty are gremular aod treepereet with = cock «=(The serve 
etree 0 ome tte wert Weyeeg serie te ond Diary cheat tormnimates: 
Vetworn tee orfle on Eaticond erpmmoee 
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Sensory nerve-endings in muscle—Nerve terminations, 
wneory in function, are found in tendon. These appear very 
much like end-plates, and are” represented in fige. 521 and 522. 





Mia; $ip—A corpuscles of 
" Grendry,, tom. the Wg :20-— tnsh corpus fom the skin of the 


tongue of w duck, jumaN hand, stained with gold chloride, 


‘The newromuscular spindles, which are described on p. 93, and 
which aro principally found in muscles in the neighbourhood 
of tendons nd sponeuroses, are believed by the majority of 
observers to be sensory end-organs, One of these spindles is 
shown Hoompanying drawing (Gg. 523). 


oe 
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The principal grounds for believing the neuro-muscular 
to be sensory, are first, that the nerve-fibres that supply them do 
not degenerate when the anterior roots of the spinal nerves are 
cut, and secondly, that they do degenerate when the posterior 





Pig. 527.—One of the sors 
Fig- sot Termination of medullated > more high 
 ,crveforerio eden near the tts mediialed’ : 


‘norye-fibre 
cular insertion. (Golgi.) endplate, (Golgi,) 


roots are divided (Sherrington). They also undergo degenerative 
changes in locomotor ataxy, which is a disease of the sensory 
nerve-units, and remain healthy in infantile paralysia, which is a 





Wig. 523.—Neuro-mm: le. ey expmule ¢ Afr, mexve tru 
Vande, ple Tiateendlags prs pansy, woneending; 





j Mattday motor nerve 
secondary ending. 





disease of the motor cells of the anterior horn of the cord 
(Batten). 

In addition to the special end-organs, sensory fibres may ter- 
minate in plexuses, as in the sub-epithelial and the intra-epithelial 
plexus of the cornea (fig. 524). 

We may now proceed to the consideration of the sense of touch 
itself ; it may be taken under three heads -— 

1. Localisation of seusations. 
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closed, with the points of pair of compasses, and in ascertaining 
how close the points of the compasses may be brought to each 
other, and still be felt as two points. 


Table of variations in the tactile sensibility of different parte.— 
The measuroment indicates the least distance at whiek the two 
paints of pair’ of compares cowld be separately distinguished, 
(iH, Weber.) 
of tongue . . 

Pe mar ccteen of third phalanx of foretinger . 
Palmar surface of secon phalanges of Snigers . 
= ee of under-lip: * 


Mate of dorsum of tongue. 
Palmofhand  , spe ae 
Centre of hard palate” . rigs | 
Dorsal surface of first phalanges of Angers =F 
Back of hand . a 
Dorsum of foot near toes gts ig ome 
Gluteal region ee os 
Sacral region ain athe et, 
Upper and lower parts of forearm... 
a of nock near hosip . oe os 
Upp dorsal and mid-lumbar regions i eh 
le part of forearm =. eddie: 
Middle of thigh. 
Mic-cervical Fe TOPIC ead ow Heo ill neat 
Mid-dorsal region , © . . . . o* 


inch 


agaa 





» aes n 








aazsazaae 
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Moreover, in the case of the limbs, it was found that before 
they were recognised as two, the points of the compasses had to 
be further separated when the line joining them was in the long 
axis of the limb, than when in the transverse direction, 

According to Weber the mind estimates the distance between 
two points by the number of unexcited nerve-endings which inter- 
vene between the two points touched. It would appear that 
a certain number of intervening unexcited nerve-endings are 
necessary before the points touched can be recognised us separate, 
and the greater this number the more clearly are the points of 
contact distinguished as separate. But the number of nerve- 
endings is not the only factor in the ease, for by practice the 
delicacy of a sense of touch may be very much increased. A 
familiar illustration oceurs in the case of the blind, who, by con- 
stant practice, cat acquire the power of reading raised letters the 
forms of which are almost if not quite undistinguishable by the 
sense of touch to an ordinary person. 

‘The power of correctly loclising sensations of touch is gradually 
derived from experience, ‘Thus, infants when in pain simply cry 
but make no effort to remove the cause of irritation, as an older 
child or adult would, doubtless on account of their imperfect 





joa TOCCH. =o_m 
kncrwletge A ite exact situstion As eiuction promeds the 
trmin gota ty bone more aad more accurately the surface of the 
Ivey, mud the wap of the wurlace im the brain is most accurately 
known where there in turnt practice of the sxe of touch. The 
sgrent delicacy oA the tougue as & tach organ in judging the 
form aid dite of objects can be explained by the fact that this 
organ ban to rely upon the sense of touch alone . Usually, in 
aacertnininyg the of an om the part of the skin it 
tmnches, we use our eyes as well. In the case of the interior of 


‘The different degrees of sensitiveness pomewed by 
porta niny give rise to errors of judgment in estimating the 
distance between two pointe where the skin is touched: Thus, 
if the blunted points of « pair of compasses (maintained at a» 
vaetant divtanee apart) are slowly drawn over the skin of the 


F 


wonmation derived from the tongue alone, Another curious 
iMusion may hore be mentioned. If we close the eyes, and placé 
a marble between the crossed fore and middle fingers, we seem 
to be tonehing two marbles. This illusion is due to an error 
of judgment. The marble is touched by two surfaces which, 
under ordinary circumstances, could only be touched by two 
soparte marbles, hence, the mind, taking no cognizance of the 
foot that the Singers aro crowed, forms the conclusion that the 
two senaations are due to two marbles, 


‘The Sonse of Pressure. 


The sense of prossure way be estimated by the ability of the 
akin to distinguish differont weights placed upon it. There must 
be no lifting of the weight, or the muscular sense is brought into 

lay also, ‘The aoutenoss of the pressure sense is differently 
distributed from that of ability to localise sensations; the 
forwarm, for instance, is as sensitive in this direction as the skin 
of the palm. Tho tip of the tongue is the most discriminative 
portion of the body for locality, bat itis not so for pressure; 
one cannot, for instance, feel one's radial pulse with the tongue, 
The fmotion which by Weber's law represents the discritainative 
tity varies from | at the finger tip to } at the shoulder 
B O95) 
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The Sense of Temperature. 


Here again the distribution of acuteness is different ; the tip 
of the finger is not nearly so sensitive as the forearm or 
the cheek, to which a washerwoman generally holds her iron 
when forming a judgment of its 
temperature, The fraction which 
represents the discriminative 
sensibility is approximately 4. 

Tt has been farther showrthat 
thore are two kinds of nerve. 
endings for temperature in the 
skin which are respectively ex- 
cited by heat and cold. Thus, 
if a small metallic pencil kept 
warm by a stream of water inside 
it, is moved over the surface, 
there are some points where the 
sensation is merely tactile, and P+ sS—Hitand soll spots (Waller, 
at others the pencil will feel 
uncomfortably: hot ; these spots are called heat spots. Cold spots 
may be similarly mapped out by the use of a cold pencil. The 
accompanying figure (fig. 25) indicates a small piece of the skin 
of the thigh with the heat spots horizontally, and the cold spots 
vertically shaded, 





The Muscular Sense, 


‘The muscular sense has been much discussed ; some have even 
denied its existence, and supposed that it is merely a variety of 
the tactile sense; when the muscles contract they press upon 
the skin over them and the joints, No doubt the tactile sense 
of pressure helps us to know what we are doing with our muscles, 
but there are two sets of facts which show that the muscular sense 
proper is different from the tactile sense. One of these is that the 
muscular sense estimated by the lifting of weights, or by the 
amount of convergence of the axes of the eyes in looking at objects’ 
at different distances, js much more sensitive than the tactile 
sense of pressure; the fraction representing the discriminative 
sensibility being only yy instead of 4 or J, which is the fraction 
for the pressure sense, The other set of facts are obtained from 
the study of disease ; locomotor ataxy is a selective disease ; it 
may pick out certain sensory tracts aud leave others for « time 
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intact; in this way the muscular sense may be destroyed without 
the tactile sense being much affected. 

Those who believe in the muscular sense are again divided 
into two sets; some believe that the muscular sense is an accom- 
paniment of the efferent impulse and it is variously spoken of as 
an estimation of will force, or a sense of expended energy ; others, 
and among these the majority of physiologists must be included, 
look upon the sense as due to efferent impulses from the muscles 
to the brain. The “estimation of will force” doctrine is put ont 
of court by the fact that people know when their muscles are 
contracting, and whether they are contracting much or little, 
when there is no expenditure of will force at all, as when the 
muscles ure made to contract artificially under the influence of 
electrical stimulwtion. There are now many anatomical facts 
which point to the correctness of the view that the muscular 
sense ix a trae sense. Many years ago it was shown that out 
of the nerve-fibres which go to the frog’s sartorius some few 
degenerate after section of the posterior nerve-roots. This has 
heen more recently demonstrated to be also the case in the muscles 
of mammals by Sherrington. ‘The discovery of sensory nerve. 
endings in muscle and tendon points in the same direction. 






CHAPTER LIL. 
TASTE AND SMELL. 


‘THust two senses are very closely allied to one another, and it 
will therefore be convenient to consider them in one chapter. 


Taste, 


Certain anatomical facts must, be studied first in connection 
with the tongue, the upper surface of which is concerned in the 
reception of taste stimuli. 

The tongue is @ muscular organ covered by mucous membrane. 
The muscles, which form the greater part of the substance of 
the tongue (intrinsic muscles) are termed linguales; and by 
these, which are attached to the mucous membrane, its smaller 

‘ore delicate movements are performed. 
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By other muscles (extrinsic muscles), like the genio-hyoglos sus, 
the atylogloasus, &c., the tongue is fixed to surrounding parts; 
and by these its larger movements are performed. 





Vig. 526,—Papillar surface of the tongue, with the fauces and tonsils. ¢, 1, olreumvullate 
‘papillm, in front of 2, the foramen ewoum ; 3, fungifora papilla; 4, fliform and 
conical papillae: s, trunmverse and oblique rage; 6, mucous glands at the tase of the 
tongue and in the fauces; 7, tonsils: 8 part of ‘the epiglottia; 9, median glowo- 
epiglottidesn fold (frenum epiglottidin),’ [Prom Sappey 





The mucous membrane of the tongue resembles other mucous 
membranes in essential points of structure, but contains papilla, 
peculiar to itself. The tongue is also beset with numerous 
mucous glands (fig. 527) ahd lymphoid nodules. 

KP. an 
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‘The larger papille of the tongue are thickly set over the 
anterior two-thirds of its upper surface, or dorswm (fig. 526), and 
give to it its characteristic roughness. In carnivorous animals, 
especially those of the cat tribe, the papillae attain « large size, 
and are developed into sharp re- 
curved horny spines. | papillae 
caunot be regarded as sensitive, but 
they ennble the tongue to oes the 
part of a rasp, as in 
or of « comb in cleaning fur. ome 


papille of the tongue it several 
diversities of form ; tia 













formed by a projection of the coriam 
of the mucous membrane, covered 
by stratified epithelium ; 
special branches of paprenlwand and 
nerves, 
The corium in each kind is 
studded by minute conical processes 
‘or microscopic papilla. 
(1) bates ear pa 
ille (fig. 528), eight or ten in 
Learn situate in a V-shaped 
line at the base of the tongue (1, 1, 
fig. 526). They are circular eleva- 
tions, from yisth to y/yth of an inch 
wide (1 to 2 mm.), each with a 
slight central dopression, and sur 
rounded by a circular moat, at the 





fear send st aly tee 
in ; Tate . 
holm D'iumch ey oacet outside of which again is a slightly 
ye tubruli of the gland. % go. 3 4 2 s : 
(Klein and Noble Senith,) elevated ring or rampart; their 


walls contain taste-buds. Into the 
ioat that surrounds the central tower, « few little glands open. 
‘They form a thin watery secretion. 

(2.) Pungiform.—The fungiform papille (3, fig. 526) are 
seattered oh over the sides and tip, and sparingly over the 
middle of the dorsum, of the tongue ; their name is derived from 
their being shaped like a puf-ball fungus, (See fig. 529m.) 

Conical and Fitiform.—These, which are the most abun- 
ill, ure scattered over the Whole upper surface of the 
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tongue, but especially over the middle of the dorsam, They vary 
in shape, some being conieal (simple or compound) and others 
filiform ; they are covered by a thick layer of epithelium, which is 
cither arranged over them, in an imbricated manner, or is pro- 
longed from their surface in the form of fine stiff projections 





28 Vertical sention of» otreumrvaliate papilla of the cal, hing 
OF Sen ite 2 tated rh Of euros gland opening ont Batt Ce 


(iamrineck 
(fig. 530). From their structure, it is likely that these papille 
have a mechanical and tactile function, rather than that of taste ; 
the latter sense is seated especially in the other two varieties 
of papilla, the cirewmwallate and the fungiform. 





Fig. 505; Surface irate tbe fungitorm. papilla, A, Ube marae of « fanelfoem 
jailed of ite mn mecondary 
ap in, arin iF den! epithe inpela ata, 


touring the tongue; a 
& sates ‘of the pte fdveium.® (Prom Wolter, aftar Tedd 





In the circumyallate papille of the tongue of man peculiar 
structures known ws taste-buds have been discovered. They are 
of an oval shape, and consist of a number of closely packed, 
very narrow and fusiform, cells (gastatory cells). This central 

ane 
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ex a gestatory cells 8 eneloner in 9. sogle ia eraees ane 
fusiform cells (eneasing cells). The gustatory cells eee in 
fine stiff spikes which project on the free surface (fig. 531, @) 

‘These bodies Me ee ae a ee numbers 
in the epithelium of the 
papilla foliata, which is 

situated near the root of 
the tongue in the rabbit, 
and is composed of a 
numberof closely 

papille very similar iu 
structure to the cireum- 
vallate papillee of mau. 
Taste-buds have also 
been observed scattered 
over the posterior third 
of the tongue and the 
pharynx, as low as the 
posterior (laryngeal )sur- 
fuce of the epigl 

The gustatory cells in 
the interior of the taste- 
buds are surrounded by 
arborisations of the ter- 
minations of the glosso- 
pharyngeal nerve. 

The middle of the 
dorsum of the tongue is 
not endowed to any great 
degree with the sense of 
taste; the tip and mar 

His, 530. »—Filitorm pay Ae Gna and caveatilly the 








‘other without. 
etmdary pape posterior third of the 
into ay ch dorsum (é.¢,,in the region 
uated between thy 

hair-like processes, /, of the taste-buds), pos- 
segiaey veo sess this faculty. The 


anterior part of the 
tongue is supplied by the lingual branch of the fifth nerve and the 
chorda tympani, and the posterior third by the glosso-pharyngeal 
nerve. Considerable discussion has arisen whether there is more 
than one nerve of taste. ‘The view geuerally held by physiologists 
is that the glosso-pharyngeal nerve is the nerve of taste, and the 
li of tactile sensation. Nevertheless, the lingual 
tympani do contain taste-fibres, which may be, 
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however, ultimately derived from the glossopharyngeal by its 
communication with the chorda tympani in the tympanic plexus. 
Sir William Gowers, on the other hand, holds that the trac 
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nerve of taste is the fifth, and that the taste-fibres in the glosso- 
pharyngeal come ultimately from the fifth. 

Tastes may i classified into— 

. Sweet. 2. Bitter. 
; Acid. 4. Saline. 

Sweet is antagonised by acid as well as by bitter tastes. Acids 
and salines apparently affect nerves of tactile sense ns well as 
those of taste proper. Sweet tastes are best appreciated by the 
tip, acid by the side, and bitter tastes by the back of the tongue. 
Flavours are really odours. 

The substance to be tasted must be dissolved ; here there is a 
striking contrast to the sense of smell. In testing the sense of 
taste in a patient, the tongue should be protruded, and drops 
of the substance to be tasted applied with a camel's hair brush to 
the different parts ; the subject of the experiment must signify 
his sensations by signs, for if he withdraws the tongue to speak, 
the material gets widely spread. The more concentrated the 
solution, and the larger the surface acted on, the more intense is 
the taste; some tastes are perceived more rapidly than others, 
saline tastes the most rapidly of all. The best temperature of 
the substance to be tasted is from 10° to 35°C. Very high or 
very low temperatures deaden the senso, 

It is possible by chewing the leaves of an Indian plant 
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(Gymnema sylvestre) to do away with the power of | 
hitters and sweets, while the taste for acids and salts: 

The delicacy of the sense of taste i sufcen to discern part 
of sulphuric acid in 1,000 of water. The sense may be improved 
by practice, as in professional tea-tasters. 


Smell. 

Here again we shall take anatomical considerations before 
studying the physiology of the sense of smell. 

‘The nasal cavities are divided into three districts :— 

(a) Regio vestitularis; this 

is the entrance to the cavity; 

* it is lined with « mucous mem- 
brane closely resembling the 
skin, and pete: hairs (wi 
brisse) with sebaceous glands. 

(6) Regio reapiratoria im 
cludes the lower meatus of the 
nose, and all the rest of the 
nasal passages sseent (og 
mucous membrane is covered 
by ciliated epithelium. The 
corium is thick and consists 
me ‘i ab ‘abot a nnporine ale ° of fibrous connective-tinsue; it 

llastike p J sCihated colle: contains a certain number of 
ave gals eee) tubular mucous and serous 
glands. 

(c) Regio olfactoria, includes the anterior two-thirds of the 
superior meatus, the middle meatus, and the upper half of the 
septum nasi. It is considerably larger in animals like the dog, 
with a keener sense of smell than we possess. It consists of 
a thicker raucous membrane than in (), made up of loose areolar 
connective-tissue covered by epithelium of a special variety, 
resting upon a basement membrane, The cells of the epithelium 
are of sereral kinds :—first, colunmar cells not ciliated (fig. 532, #), 
with the broad end at the surface, and below tapering into an 
irregular branched process or processes, the terminations of which 
pass into the next layer ; the second kind of cell (fig. 532, 7) cousists: 
of asmall cell body with large spherical nucleus, situated between 
the ends of the first kind of cell, and sending npwands a process to 
the surface between the eells of the first kind, and from the other 
pole of the nucleus a process towards the corium. The latter pro- 
cess is very delicate and may be varicose. The upper process 
beyond the surface, where it becomes stiff, and tn 
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some animals, like the frog, is provided with hairs. These cells, 
which are called olfactorial cells, are numerous, and the nuclei of 











Fig. $3).—Nerves of the septum nai, seen from the rij 
3, the olfactory nerves Paming through the fo 


tote 
Branch of the apitiabaic nerve; 3, havo-pulative nerves. (Prom 


feld und Leveill 





2 of the 


the cells not being on the same level, a comparatively thick nuclear 
layer is the result (fig. 534,4). In the corinm are a number of serous 


glands called Bowman's glands. They 
open upon the surface by fine ducts 
passing up between the epithelium 
cells. 

The distribution of the olfactory 
nerves which penetrate the  cribri- 
form plate of the ethmoid bone and 
pass to this region of the nasal mu- 
cous membrane is shown in fig. 53 
‘The nerve-fibres are continuous w 
the inner processes of the cells we 
have termed olfactorial ; the columnar 
cells between these act as supports to 
them: 

The olfactory tract is an outgrowth 
of the brain which was originally hol- 
low, and remains so in many animals, 
in man the cavity is obliterated, and 
the centre is occupied by neuroglin: 
outside this the white fibres lie, and 











a thin superficial layer of neuroglia covers these, The three*‘roots” 
of the olfactory tract have been traced to the uneinate gyrus mainly 
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of the sume side of the brain, This is the region of the brain 
mentally found to be associated with the sense of smell¥see p. 
The olfactory bulb has a more complicated structure; above: 
is first a continuation of the olfactory tract (white fibres in 
neuroglia) ; below this four layers are distinguishable; they are 
shown in the accompanying diagram from Ramon y Cajal’s work, 
the histological method used being Golgi’s. 7 
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(1) A layer of white fibres containing numerous small cells, or 
“granules” (p). 

(2) A layer of latge nerve-cells called “ mitral cella" (0), with 
smaller cells (a) mixed with them. The axis-cylinder processes of 
these cella pass up into the layer above and eventually become fibres 
of the olfactory tract #, which passes to the grey matter of the bage 
of the brain. They give off numerous collaterals on the way (¢ 7). 

(3) The layer of olfactory glomeruli (w). Each glomerulus is a 
basket-work of fibrils derived on the one hand from the terminal 
arborisations of the mitral cells, and on the other from similar 
arborisations of the non-medullated fibres which form thenext layer. 
(4) The layer of olfactory ner 
medullated ; they continue upwards the bipolar olfactory cells, 
or as we have already termed them, the olfactorial cells of the 
mucous membrane, - 
testing a patient’s sense of smell, substances like musk or 
should be employed ; pungent substances like ammonia: 
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affect the nerves of tactile sense (fifth nerve) more than the 
olfactory nerves, 

‘The sense of smell is excited either by gaseous or very finely- 
divided solid particles; these affect the terminations of the 
olfactorial or bipolar cells and the path to the brain of the 
nervous impulse so set up we have already indicated. Liquids, 
unless they are volatile (that is, give off vapours), do not, as a 
rule, excite the sense; thus Weber could not smell the slightest 
odour when his nostrils were completely filled with water con- 
taining eau-de-Cologne, It is matter of common experience that 
odours and flavours (which are really odours) cannot be perceived 
readily when the amount of moisture in the nose is increased, as 
when one bas a bad cold. 

On the other hand, the mucous membrane must not be too 
dry ; this also impairs the delicacy of the sense. The delicacy 
of the sense is most remarkable; thus, Valentin caloulates that 
‘ooo aeooo Of @ grain of musk can be distinctly smelt ; and even 
this can be improved by practice, as in certain tribes of Indians. 

We cannot at present give a scientific classification of odours ; 
the only possible classification into pleasant and unpleasant is a 
matter of individual education and taste to a great extent. 


CHAPTER LIII. 
HEARING. 
Anatomy of the Ear, 


‘Tax Organ of Hearing is divided into three parts, (1) the 
external, (2) the middle, and (3) the internal car. The two first 
are only accessory to the third or internal ear, which contains the 
essential parts of the organ of hearing. The accompanying figure 
shows the relation of these divisions, one to the others (fig. 536). 

External Ear,—The external ear consists of the pinna and 
the external awditory meatus, 

The principal parts of the pinva are two prominent rims 
enclosed one within the other (Aelie and antiheléx), and enclosing 
a central hollow named the concha; in front of the concha 
is & prominence directed backwards, the ¢ragua, and opposite 
to this one directed forwards, the antifragus. From the concha, 
the auditory canal, with @ slight arch directed upwards, passes 
inwards and a little forwards to the membrana tympani, to 
which it thus serves to convey the vibriting air, Its outer 





ke 





glands, resembling the sweat-clands in structure, which secrete the 
corumen or wax of the ear. 

Middle Ear or Tympanum.—The middle ear, or tympanum 
or dram (3, fig. 536), is separated by the memlrvna tympané from 
the external auditory meatus. Itis a cavity in the temporal bone, 
opening through its anterior and inner wall into the Eustachian 
tube, & cylindriform flattened caual, dilated at both ends, come 
posed partly of bone and partly of clastic cartilage, and lined with 
mucous membrane, which forms a communication between the 
tympanum and the pharynx. [t opens into the cavity of the 
pharynx just behind the posterior aperture of the nostrils, 
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‘The cavity of the tympanum communicates posteriorly with air- 
cavities, the mastoid cells in the mastoid process of the temporal 
bone ; but its only opening to the external air is through the 
Eustachian tube (4, fig. 536). The walls of the tympanum are 
osseous, except where apertures in them are closed with mem- 
brane, a3 at the fenestra rotunda, and fenestra ovaliz, and at the 
outer part where the bone is replaced by the membrana tympani, 
The cavity of the tympanum is lined with mucous membrane, 
the epithelium of which is ciliated and continuous through the 
Eustachian tube with that of the pharynx. It contains a chain 
of small bones which extends from the membrana tympani to the 
fenestra ovalis. 
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The membrana tympani is placed. in « slanting direction at the 
bottom of the external auditory canal, its plane being at an angle 
of about 45° with the lower wall of the canal, Ib is formed 
of tough and tense fibres, some running radially, some circu 
lurly ; its margin is set in a bony groove; its outer surface is 
covered with a continuation of the cutaneous lining of the 
auditory canal, its inner surface with the mucous membrane of 
the tympanum, 

‘The ossicles ave three in number; named malleus, incus, and 
stapes. The malleus, or hammer-bone, has a long slightly- 
curved process, called its handle, which is inserted between 
the layers of the membrana tympani; the line of attachment 
is vertical, including the whole length of the handle, and 
extending from the upper border to the centre of the membrane, 
The head of the malleus is irregularly rounded ; its neck, or the 
line of boundary between the head and the handle, supports two 
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processes : 4 short conical one, which receives the insertion of the 
tensor tympani, and a alender one, proceasua gracilis, whic extends 
forwards, and is attached 
to the wall of the cavity 
at the Glaserian fissure. 
The ‘nens, or anvil-bone, 
shaped like a bicuspid 
molar tooth, is articulated 
hy its broader part, corre- 
sponding with the strface 
of the crown of the tooth, 
to the malleus. Of its two 
fang-like processes, ome, 
directed backwards, has « 

“oe free end lodged in a de- 
Pe Stra tropa wed bate in aera! Pression in the mastoid 


ition, 1, Membr mpani 2, Basta " 
Shien tube!'s,temor tympani muscié; aig. one; the other, eurved 


allel exter; s. lig. mallei muper.;6,chorda- downwards, longer and 

tympani nerve} 0, ?, and ¢ sinuses about 7 f 

coniclos. (Schwalbe.) more pointed, articulates 

by means of a roundish 
tubercle, formerly called os orbiculare, with the stapes, a little 
bone shaped exactly like a stirrup, of which the base or bar fits 
into the membrane of the fenestra ovalis, To the neck of the 
stapes, m short process, corresponding with the loop of the stirrup, 
is attached the stapedins muscle. 

The bones of the ear are covered with mucous membrane 
reflected over them from the wall of the tympanum; and are 
movable both altogether and slightly one upon the other. The 
malleus moves and vibrates with every movement and vibration of 
the membrana tympani, and its movements are communicated 
through the incus to the stapes, and through it to the membrane 
closing the fenestra ovalis. 

The muscles of the tympanum are two in number, ‘The tensor 
tympani arises from the cartilaginous end of the Eustachian 
tube and the adjoining surface of the sphenoid and from the 
sides of the canal in which the muscle lies; the tendon of the 
muscle bends at nearly a right angle over the end of the pro 
cessus cochleariformis and is inserted into the inner part of the 
handle of the malleus. ‘The Stapedius is concealed within a canal 
in the bone in front of the aqueductus Fallopii. ‘The tendon 
issues from the aperture of this canal and is inserted into the 
neck of the stapes posteriorly. 

The Internal Ear.—The proper orgun of hearing is formed 
by the distribution of the auditory nerve within the internal 
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ear, or labyrinth, ® set of cavities within the petrous portion of 
the temporal bone. The bone which forms the walls of these 
cavities is denser than that around it, aud forms the osseous 
labyrinth; the membrane within the cavities forms the mem- 
jranous labyrinth. The membranous labyrinth contains « fluid 
called endolymph ; while outside it, between it and the osseous 





- s4t.—Rhight bony Inbyrinth, viewed 
ta te one apace 


4, fenestra. 
igure in outline below shows the 
runtural size, 74, (Simmering) 





labyrinth, is a fluid called perilymph. ‘This fluid is not pure 
lymph, as it contains mucin, 

The osseous labyrinth consists of three principal parts, 
namely the vestibule, the cochlea, and the semécireular canala, 

The vestibule is the middle cavity of the labyrinth, and tho 
central organ of the whole auditory apparatus, It presents, in its 
inner wall, several openings for the entrance of the divisions of the 
auditory nerve ; in its outer wall, the fenestra ovalis (2, fig. 541), 
an opening filled by membrave in which is inserted the base of 
the stapes; in its posterior and superior walls, five openings by 
which the semicircular canals communicate with it: in its anterior 
wall, an opening leading into the cochlea, The structure of the 
semicirentar canals is described in Chapter XLIX. 

The cochlea (6, 7, 8, fig. 541, and 8, fig, 542), a small organ, 
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shaped like a snail-shell, is situated in front of the ve 
base resting on the bottom of the internal meatus, 
apertures transmit to it the cochlear filaments of 
nerve. In its axis, the cochlea is traversed by a conical column, : 
a 
*, 










the modiolus, around which a spiral canal winds with 
and a balf from the base to the apex. At the apex of 
the canal is closed; at the base it presents three 
which one, already mentioned, communicates with 
another, called fenestra rotunda, is separated by a meni} 0 
the cavity of the tympanum; the third is the orifice of th 
ayuarduetua cochler, a canal leading to the jugular ‘ , 
petrous bone. The spiral canal is divided into two Pee 0 
scaler (staircases), by a partition formed BT pnt ' 
" 










lamina spiralis, connected with the modiolus, partly 
membrane called the basilar membrane. 
The Membranous Labyrinth.—The membranous bee , 
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corresponds generally with the form of the osseous labyrinth, 80 far 
as regards the vestibule and semicircular canals, but is separated 
from the walls of these parts by perilymph, except where the nerves 
enter into connection within it. The labyrinth is a closed membrane 
containing endolymph, which is of much the same composition as 
perilymph, but contains less solid matter, It is somewhat 

as is the perilymph, and it is secreted by the epithelium lining its 
ewyity ; all the sonorous vibrations impressing the auditory nerves 
parts of the internal ear, are conducted through fluid to 
brane suspended in and containing fluid. In the cochlea, 
branous labyrinth completes the septum between the 
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two sealer, and encloses a spiral canal, previously mentioned, 
called the eanalis cochlew (fig. 543). The fluid in the sale of 
the cochlea is continuous with the perilymph in the vestibule and 
semicircular canals. The vestibular portion of the membranous 
labyrinth comprises two communicating cavities, of which the 
larger and upper is named the wéricle ; the lower, the sacewle. They 
are lodged in depressions in the bony labyrinth, termed respectively 
fovea hemiellipticn and fovea hemispherica. The membranons serni- 
circular canals open into the utricle; the canal of the cochlea 
opens by the canalis reuniens into the saccule. The accompanying 
diagram (fig. 543) gives the relatiouship of all these parts to one 
another. 

Auditory Nerve.—All the organs now described are provided 
for the appropriate exposure of the filaments of the auditory 
verve to vibrations, It enters the bony canal (the meatus 
auditorius internus), with the facial nerve and the neryus inter- 
medius, and, traversing the bone, enters the labyrinth at the 
angle between the base of the cochlea and the vestibule, in two 
divisions ; one for the vestibule and semicircular canals, and the 
other for the cochlea. 

There are two branches for the vestibule, one, superior, dis- 
tributed to the utricle and to the superior and horizontal semi- 
cireular canals, and the other, inferior, which arises from the 
cochlear nerve, ends in the saccule and posterior semicircular 
canal. There can, how > be little doubt that the inferior 
nerve, although it is contained for some distance in the sheath of 
the cochlear nerve, is really composed of vestibular fibres. 
Where the nerve comes in connection with the utricle and 
saceule, the structure of the membrane is modified and the 
places are called macular acoustic, At the ampullwe of the semi- 
circular canals, too, the structure is altered, becoming elevated into 
a ridge, which projects into the interior of the cavity, forming the 
evista, acoustien, The distribution of the true cochlear nerve 
occurs along the whole length of the canal of the cochlea, 

The structure of the membranous canals has been given in 
Chapter XLIX., 80 we can pass at once to the cochlea, 

This is best seen in vertical section; the cavity is divided into 
two scale, partly by bone (the spiral lamina), partly by mem- 
brane (the éasilar membrane); the other end of the basilar 
membrane is attached to the bone by « ligament (the spiral 
ligament), formerly supposed to be a muscle (Bowman's inuscle) ; 
the two spiral staircases or scale are named scala vestiluli and 
scala tympani (fig. 544). At the apex of the cochlea, the spiral 
lamina ends in a small Aamudws, the inner and concave part of 
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which being detached from the eummit of the modiolus, leaves s 
mmall aperture named the Adécotrema, by which the two scala, 

eoparated in all the rest of their length, communicate. 
Besides the geala vestibuli and scala tympani, there is & third 
space between them, called scala 





media or canal of the cochles 
(CC, fig. $45). In section it ix 
triangular, its external wall being 
formed by the wall of the co 
chlea, its upper wall (separating 
it from the seals vestibuli) by 
the membrane of Reissner, and 
its lower wall (separating it from 
the scala tympani) by the basilar 


stain omen CF membrane, these two meeting at 


snla voatiballs 5, po 


tof Ue moliobes mene ome of thee the outer edge of the bony 


theme of the canalie eyerelie edits. 


bag ete lamina spiralis, Following the 

turns of the cochlea to its apex, 
the scala medin there terminates blindly ; while towards the base 
of the cochlea it is also closed with the exception of a very 
narrow passage (canalis reuniens) uniting it with the saccule 







Hie §45.—Beotion through ono of the coils of the cochlea 
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© (0, my tig. 546). 


The scala media (like 
the rest of the mem- 
branous — labyrinth) 
contains: endolymplt. 
Organ of Corti.— 
Uponthebasilarmem 
brane are arrange! 
collsof variousshapes. 
About midway be- 
tween the outer edge 
of the lamina spiralis 
and the outer wall of 
the cochlea are situ- 
ated the rods of Corti. 
Viewed sideways, they 
are seen to consist of 
an external and in- 
tornal pillar, each ris- 
ing from an expanded 
foot or dase attached 
They slant: inwards 


§ euch other, and each ends in a swelling termed the head » 


J of the inner pillar overlies that of the outer (fig. 546). 
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Fach pair of pillars forms a pointed roof arching over a space, and 
by « succession of them a tunnel is formed. 


There are about 3,000 of these pairs of pillars, in proceeding 
trom tha lame of tes coehlen soars ts Bey They are found 


progressively to increase in length, and become more oblique ; jin 
other words the tunnel becomes x, but 


as We neprench the Sper of _the it 

external and internal Pi are certain other a called WE 
cell, which terminate in small hairlike processes. ‘There are 
several rows of these on the outer ‘one row on the inner side. 


Between them are certain supporting cells called cells of Deiters. 












Most of the above details are shown in the accompanying figure 
(fig. 546). This structure rests upon the basilar membrane ; it 
is roofed in by a fenestrated membrane or lamina reticularis into 
the fenestre of which the tops of the various rods and cells are 
received. When viewed from above, the organ of Corti shows a 
remarkable resemblance to the key-board of a piano, The top of 
the organ is roofed by the membrana tectoria (fig. 545, ¢) that 
extends from the end of thé limbus (Ws, fig: 545), @ connective- 
tissue structure on the spiral lamina, In close relation with the 
hair-cells which form the auditory nerve epithelium, are filaments 
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of the auditory nerve, These are derived from the cochlear 
division already mentioned. This passes ap the axis of the 
cochlea, and in its course givés off fibres to the lamina spiralis. 
‘These fibres are thick at their origin, but thin out peripherally, 
and containing bipolar ganglion cells form the ganglion spirale 
Beyond the ganglion at the edge of the lamina the fibres pass up 
and become connected with the organ of Corti, arborisiug around 
the bair-cells. 


Physiology of Hearing. 

Sounds are caused by vibrations ; when « bell or a pikno-steing 
is struck, it is thrown into a series of rapid regular vibrations ; 
the more rapidly the vibrations ocour the higher is the piteA of 
the musical note, that is, it is shriller. The vibrations are trans 
mitted ag waves through the air, and ultimately affect the 
hair-cells at the extremities of the auditory nerve in the cochlea. 
The semicircular canals are not concerned in the sense of hearing ; 
their function in connection with equilibration is described in 
Chapter XLIX. The external and middle ears are conducting ; 
the internal ear is conducting and receptive. In the external ear 
the vibrations travel through air; in the middle ear through 
solid structures—membranes and bones; and in the internal ear 
through fluid, first through the perilymph on the far side of the 
fenestra ovalis ; and then the vibrations pass through the basilar 


membrane, and_mombrane of Reissner, and set the endolymph of 
the canal of the cochlea in motion 


This is the normal way in which the vibrations pass, but the 
endolymph may be affected im other ways, for instance through 
the other bones of the head ; one can, for example, hear the theking 
of one’s watch when it is placed between the teeth, even when the 
ears are stopped. From this fact is derived « valuable practical 
method of distinguishing in a deaf person what part of the organ 
of hearing is at fault. The patient may uot be able to hear a 
watch or a tuning-fork when it is held close to the ear; butif he 
can hear it when it is placed between his teeth or on his forehead, 
the malady is localised in cither the external or middle ear; if he 
can hear it in neither situation it is a much more serious ease, 
for then the internal ear or the nervous mechanism of hearing is 
at fault, 

In connection with the external ear there is not much more to 
be said; the pinna in many animals is large and acts as a kind of 
nataral eartrumpet to collect the vibrations of the air; in man 
th) 9) Son is to « very great extent lost, and though there are 

jent to move it into appropriate postures, they are not 
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under the control of the will in the majority of people, and are 
functionless, ancestral vestiges. 

In the middle ear, however, there are seyeril points to be 
cousidered, namely, the action of the membmina tympani, of the 
ossicles, of the tympanic muscles, and of the Eustachian tube. 

The Mewbrana Tympani.—This membrane, unlike that of 

dinary drums, can stem up and vibrate in rexponse to, not only 

ts own fundamental tone, but to an immense muge of tones 
differing from each other by as much as seven octaves. ‘This 

ould clearly be impossible if it were an evenly stretched 
membrane. It is not evenly nor ve iz 

i men chain_of it_issli 

uped : the SS ese cheer 

When the membrane gets too tightly stretched, by increase or 
decrease of the pressure of the air in the tympanom, then the 
sense of hearing is dulled. The pressure in the tympanic cavity 
is kept the same as that of the atmosphere by the Lwstachian 
twhe, which leads from the cavity to the pharynx and so to the 
external air, The Eustachian tube is not, however, always open; 
it is opened by the action of the tener palaté during swallowing. 
Suppose it were cloved owing to swelling of its mucous membrane— 
this often happens in inflammation of the throat—the result 
would be what is called Bustachian or throat deafness, and this is 
relieved by passing « catheter so as to open the tube. When the 
tube is closed, the blood in the vessels of the tympanic wall takes 
up oxygen from the imprisoned air, and gives off carbonic acid in 
exchange ; but the amount of carbonic acid given out is less than 
the amount of oxygen removed, so that the total quantity of gases 
within the tympanum is reduced, and its pressure consequently 
becomes less than that of the atmosphere, so the membrane is 
cupped inwards ; it is this increased tightening of the membrane 
that produces deafness. There is also an accumulation of mucus. 
When one makes a violent expiration, ax in sneezing, some air is 
often forced through the Eustachian tube into the tympanum. 
The ears feel as though they were bulged out, as indeed the 
membrana tympani is, and there is again partial deafness, which 
sensations are at onee relieved by swallowing #o as to open the 
Eustachian tube and so re-establish equality of pressure once more. 

The ossicles communicate the vibrations of the membrana 
tympani (to which the handle of the malleus is fixed) to the 
membrane which closes the fenestra ovalis (to which the foot of 
the stapes is attached), Thus the vibrations are communicated 
to the fluid of the internal ear which is situated on the other side 
of the oval window. 
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‘The following diagram will assist us in understanding how this 
is brought about. The bones all vibrate as if they were one, 
slight movements between the individual bones being inappre- 
ciable. ‘The utility of there being several bones is seen when the 
vibrations are excessive; the small amount of “give” at the 
articulations is really protecti and tends to prevent frectures. 

‘The handle of the malleus is inserted between the layers of the 
tympanic membrane; the processus gracilis (p. g.) has its end A 
attached to the tympanic wall on the inner aspect of the Glaserian 
fissure; the end B of the 
short process (s. p.) of the 
incus is fastened by # 
ligament to the opposite 
wall of the tympanic cavity; 
the end D of the long pro- 
cess of the incus articulates 
with the stirrup, the base 
of which is turned towards 
the reader. The handle 
vibrates with the mem- 
brana tympani; and the 
vibrations of the whole 

Fig. 547-—-Diagrammatio view of ear omic, chain take place round the 
axis of rotation AB, Every 
time € comes forwards D comes forwards, but by drawing: per 
pendiculars from C and D to the axis of rotation, it is found that 
D is about § of the distance from the axis that Cis. So in the 
transmission of the vibrations from membrane to membrane 
across the bony chain, the amplitude of the vibration is decreased 
by about 4, and the force is correspondingly increased. The 
final movement of the stapes is, however, always very small; it 
varios from 4’ to less than y&eo of « millimetre. 

‘Phe action of the tensor tympani by pulling in the handle of 
the malleus increases the tension of the membrana tympani. It 
is supplied by the fifth nerve. It is opposed by the strong 
external ligament of the malleus. The stapedins attached to the 
neck of the stapes tilts it backwards, It is supplied by the 
seventh nerve. 

‘We have still to consider the use of the fenestra rotunda > this 
is closed by a membrane, and its action is to act as a vent for 
the vibrations of the perilymph. The next very simple diagram 
$48) will explain how this happens, 

@ cochlea is supposed to be uncoiled; the scala vestibull 
from the fenestra ovalis, to the other side of which the 
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stapes is attached; the gcala tympani leads to the fenestra 
rotunda ; the two scale communicate at the helicotrema, and are 
separated from the canal of the cochlea by the basilar membrane, 
and the membrane of Reissner. C.R. is the canalis reuniens 
leading to the saccule. ‘The two scalw contain perilymph ; the 
canal of the cochlea contains endolymph which is set in vibration 
by the perilymph through the membranes. Every time the 
membrane of the oval window is bulged in by the stirrup, the- 
membrane of the round window is bulged out, and wice verad. 
If there were no vent in this way the propagation of vibrations 
through the fluid would be i ible. 

The theories in connection with the eocklea are two in number: 






Scala Tympani (Perilymph) Welicotrema 
F Rotunda 
Pig, 548—Dingram to illustrate the wae of the fenestra rotunda, 








one is Helmholtz’ piano theory; the other is the telephone theory 
of Rutherford and Waller. 

The Piano Theory.—lf one sings a note in front of a piano, 
the string of the piano that emits that note will take up the 
vibration and answer; another note will elicit an answer from 
another string. It was supposed by Helmholtz that there is an 
analogous arrangement in the cochlea. Different parts of the 
organ of Corti will respond to different notes as do the strings 
of a piano, At first he thought it was the rods of Corti which 
acted in this way, but when it was shown that in birds there are 
no rods, he referred it to the different fibres of the basilar 
membrane, This is supported by the fact that this membrane 
increases in breadth from below upwards ; low notes will set in 
sympathetic vibration the long fibres of the upper part, and high 
notes the short fibres of the lower part of the organ, 

‘These responsive vibrations extend to the hair-cells resting 
on these particular portions of the membrane, and give rise to 
excitations which, conducted along the nerve-fibres to the brain, 
produce different auditory sensations. This theory therefore 
localises the analysis of sounds in the cochlea. The membrana 
tectoria acts a8 a damping mechanism. 

The Telephone Theory —Just as in a telephone one membrane 
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vibrates in response 

sounds, 80 in this theory i 

vibrates as a whole, the haircells on it are affeeted, the nerve — 
impulse travels to the brain, and the analysis of the sound occurs 
there, In other words, the basilar membrane acts very anuch | like 
the membrana tympani, “ It is the internal drum-head, : 
the complex vibrations of the membrana tympani, and 
in its entire area to all sounds—althongh more in some parts than 
in others—giving what we may designate as acoustic pressure 
patterns betwoen the membrana tectoria and the subjacent field 
of hair-cells, In place of an analysis by saree vibration 
of particular radial fibres, it may be imagined that varying com- 
binations of sound give varying pressure patterns, comy 

to the varying retinal images of external objects.” (Waller.) 










The Range of hearing is more extensive than that of voice. 
Sounds can be heard that are produced by 30 vibrations per 
second, up to those caused by 30,000 to 40,000 vibrations per 
second ; and in this range as many as 6,000 variations of pitch 
ean be perceived, or abont twice as many as the pairs of arches 
of Corti, Two sounds can be recognised ws distinct if the interval 
between them is less than ovr second, a fact that shows us the 
perfection of the damping as well as of the vibrating mechanism. 

The distinction between musical notes is not equally obvious 
to all observers, People differ a good deal in the musical element 
in their nature. But in all there is a limit to the perception of 
high-pitched notes. In Galton’s whistle, one has an 
by which the rate of vibration of the air which produces the 
sound can be increased ; it gets shriller and shriller, and at last 
when the vibration frequency exceeds 30,000 or 40,000, the 
sound becomes inaudible, Probably many animals, however, are 
uble to hear much higher notes than we can detect. ” 

A judgment, by the sense of hearing alone, of the direction in 
whieh a sound comes, ix always most imperfect. 
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CHAPTER LIV, 
VOICE AND SPEECR. 


‘Tux fundamental tones of the voice are produced by the 
current of expired air causing the vibration of the vocal cords, 
two elastic bands contained in a cartilaginous box placed at the 
top of the wind-pipe or trachea. This box is called the Jarymr. 
The sounds produced here are modified by other parts like the 
tongue, teeth, and lips, as will be explained later on. 





Anatomy of the Larynx. 


‘The cartilages of the vt he are the thyroid, the ericold, the two ary- 
tenoida, These are the most important for voice preduction ; they are mi 

of hyaline cartilage, Then there are the epigiottis, two cornicvlar, and two 
eunciform cartilages. ‘These are made of yellow fibro-cartilage. 


‘Commu min. Oat 
Commu ninja, 1m Rteno-hyuidens, 





©. Stemoshyvidens. 






Li. erien-thyr, me. 


wm. Orteo-thyraidens, 
Cart. ericotilen —, 


Lig. criomtrache 


Cart. tracheate 


Fig. 549.—"The tary, front, fand ligaments. ‘Thi 
Sty cares, wilh the exception of ons cckoanyrank mie cus oaftort. (Groen) 


The thyroid cartilage (fig. 550, t to 4) does not form = complete ring 
around the larynx, but only covers the front portion. Ip forms the 
minence in front of the threat known a4 Adam's apple. (a) The ericoid 
cartilage (fig. 50, 5, 6), on the other hand, is 8 complete ring ; the back 
part af the ring is much breader than the front. Qn the top of this 
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broad portion of the ericoil are (3) the ia 

port are (0) Are palgtae ape cartilages 55°, 7) 
ue wm joint with synovial Gee and ligaments, theglatter permitting 





a 5 ai pag ee tee to 4, thyroid cartilage; 
re al bs omar Adda 52, re tala 3, guperor, Ai feo core 
wright ede; s, 6 erlookd eartilage:& jaide of the posterior party 6 anterior 


tolerably free motion between them. But although the arytenoid 
can move on the cricoid, they accompany the latter in all ite movements. 
The base by means of which each arytenoid cartilage sits on thé crieold 





Lig. cerato-arien, ‘post. mip. 
Cornn infer, 
Lig. cemto-erico, post. inf. 


Fig. $51-—The larynx as soen from behind after removal of the muselos, ‘The eartilages 
wand ligamenta only remain. (Stoork,) 


is triangolar ; the anterior angle ia often called the vocal process: to ft the 
posterior ends of the true vocal cords are attached. The outer angle i thick 
and called the muscular process, 

The cornicular cartilages, or cartilages of Santorini, are perched on the 
top of the arytenolds ; the cuneiform cartilages, or cartilages of Wrisherg, 
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are in # fold of mucous membrane; the epiglottis looks lke a lid to the 
whole (fe. 33 458). 


connected with the erivold, erico-thyroid 
eure ERED rn by joints with synovial mcetrnUaey "Us lower Serie 
of the thyroid clasp t yet not so tightly but 





that the thyroid can revolve, gary pote Beans 
|e transversely through the two joints at ‘which the & the cricold fs pre 
voeal cords are attached behind to the front portion of the 
(vocal process, Hes the arytenoid cartilages, and in front to the re-entering 
angle at the of the thyrofd; it is evident, therefore, that all move- 





Bnet trachea 
¥, 


ments of either of these cartilages mast produce an effect on them of 
some kind or other. Inasmuch, too, as the arytenoid cartilages rest on 
tho top of the back portion of the erioold eartilage, and are connected 
with it by capsular and other ligaments, all movements of the cricoid 
cartilage must move the arytenoid cartilages, and also produce an effect on 
the voeal cords. 

Mucous membrane.—The larynx is lined with a mucous membrane 
continuous with that of the trachea ; this {s covered with ciliated epithelium 
except over the vocal cords and opiglottis, where it is stratified, The 

cords are thickened bands of elastic tissue in this mucous mem- 
brane which ran from before back, ‘They are attached behind to the vooal 
processes of the arytenoid cartilages, and in front to the angle where the 
two wings of the thyroid meet. ‘The chink between them is called the 
rima glottidis (see fig. 552). ‘Two ridges of mucous membrane above and 
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ry! lL. 

‘All these muscles except the arytenoid are in pairs, 
‘Their attachments and actions are as follows = 
1. Orico-thyroid.—This is a short, thick triangular musole, attached below 

to the ericold cartilage ; this attachment extends from the middle Ene 
backwards, The fibres pus upwards and outwands, diverging slightly to be 
attached above to the inferior border of the thyroid cartilage, and to the 
anterior border of its lower cornu. In the latter portion of the muscle, the 
fibres are nearly horizontal. Some of the superficial fibres areteontinnous 
with those of the inferior constrictor of the pharynx. 

‘The thyrold cartilage being fixed by extrinsic muscles, the contraction 
of this muscle draws upwards the anterior part of the cricold and 
depreases the posterior eh and with it the arytenoid cartilages, 80 
vocal conis are stretched. Panilysis of these muscles therefore enuges an 
inability to produce high-pitched tones. 

2. Posterior orico-arytenvid.—This arises from the broad depression on 
the corresponding half of the Posterior arfuag_ot the oricola : 
its fibres converge inte! and outwards and are inserted into the 
angle of the base of the arytenoid cartilage behind the attachment of the 
Interal ecarrtenaid muscle. Near their insertion the upper fibres are 
blended with the lower fibres of the arytenoid muscle. 

‘These muscles draw the outer angles of the arytenoid cartilages backwards 
and inwards, and thns rotate the anterior or vocal processes outwards, and 
widen the rima glottidis, They come into action during d seapicettan: 
If they are paralysed, the lips of the glottis approach the middle and 
come in contact during each Inspiration, #0 that dyspnoea is prodaced. 

3. Lateral crico-arytencid.— This arises from the sloping upper border of 
‘the cricoid cartilage, and is inserted into the muscular process of the aryte~ 
noid cartilage and the njacmnt part of its anterior surface, Its oyper part 
is more or less blended with the thyro-arytenoid, and a few of its fibres are 
pont! round the onter side of the arytenoid cartilage with the arytenoid 
muscle, 

‘These muscles draw the muscular processes of the arytenoid 
forwards and downwards, and thus approximate the vocal cords. They are 
antagonistic to the posterior erico-arytenoids. 

4 Thyro-arytenoid,—This consists of two portions, inner and outer. The 
inner portion arises in the lower half of the angle formed by the als of the 
thyroid cartilage, and passing backwards are attached behind to the vocal 

process and to the adjacent parts of the onter surface of thearytenoid 

ey are joined internally by short fibres which are attached in front to 
yooal cord, and behind ta the vocal process. Some oblique fibres pass from 
the sloping portion of the crloo thyroid membrane below the yocal cord, 
upwards, outwards, and somewhat backwards, to end in the tiene of the 
false voeal cord, The fibres of the owter portion arise in front from the 
thyroid cartilage close to the origin of the inner portion and from the 
thyroid membrane. They pass backwards to be inserted in part into the 
lateral border and muscular process of the arytenoid cartilage, and in 
they pass obliquely upwards towards the aryteno-epiglottidean fold, e 





Hi 
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in the false vocal cord. The of this muscle which extends towards 


the 
effect being to relax the vocal cords, But if the latter are kept stretched 
those fibres of the inner portion of the muscle which are inserted into the 
vocal cond may serve to meas toiln sleeticthy Lgteeng the parts of the cord 
in front of, and relaxing those behind, its at ment, The vertical fibres of 
the muscle which extend from the erico-thyrold membrane acres the base 
of the vocal fold and over the rentricle into the false vocal cord, render the 


and rotate it inwards ; 
finally,the ae 
into the nryteno- 
Ppiglottidean fold may Lig. ary-epiglott, 
assist in depressing the 
epiglottis, 

If these muscles are ‘Cart, Wrinbergti 
paralysed, the lips of 
the glottis areno longer Cart. Santerind 

llel, but are curved 
with the concavity in- 
wards, and a much 
stronger blast of alr is 
required for the pro- 
duotion of the roice. 

» Arytenoid, — 
When the mucous 
membrane pa! Barts. 
from the u 
arytenoid cartilages, a Tat Past. inf. membrant 
band of transverse 
fibres is ex) , on 
the dorsal bese of 
which are two slender 
decussating oblique 
bundles. are 
often described ag. 
separate muscles (arytenoid and aryteno-epiglottidenn), but they are inti- 
mately blended together. ‘The ventral fibres (arytenoid proper) pass straight 
across _ om onter “re of the Ic wagner te - feck ms =| 
arytenoid cartilage to the corresponding surface other, The dorsal 
fibres can be followed to the lateral walls of the larynx, the uppermost ones 
to the cartilage of Santorini, the intermediate ones ran with the uppermost, 
fibres of the thyro-rytenoid muscle forming the so-called aryteno-epl- 
glottidean muscle, and the lowest fibres blendut the level of the true wocal 
cords with the thyro-arytenoid and lateral erico-arytenoid muscles, 

‘The arytenoid muscle draws the arytenoid cartilages together, I it 
in paralysed, the pokemon partoft nl eae remains open, although 
the membranous Hips can still be ap) ated during vocalisation. 

It has been generally supposed at the epiglottis fx depressed as a lid 
over the glottis during swallowing. This may be so in some animals, but in 
man it is not the case ; the epiglottis projects upwards in close contact with 








wm, Aryten. obliqu. = 


- SS} The larynx from behind. ‘To show the 
TW S8 1 estos mcs padesiorty (ome) 
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‘the base of the 





epiglottis (Anderson Stuart). 
in the space enclosed by the laminge of the thyroid cartilage and abore the 
ericoid may be regarded in their totality as a kind of sphincter wmch ms 
is found fn its simplest form embracing the entrance of the larynx in 


tiles" (Quain’s Anatomy). 
TWrerven—Tha ‘Macyitc’{e' suppiied Uy two’ brunctien GE" thea/anacea an 





Pig, 55¢-—The parte of the Laryngoscope. 


superior laryagoal in the sensory nerve; by tu enteral branch, it mi 
one muscle, namely, the crico-thyroid. These fibres, however, probably 
arise from glosso-pharyngeal rootlets (sce p. 629). The rest of the muscles 
are supplied by the iaferior leryngeal norec, the fibres of whieh come from 
the spinal accessory, not the vagus proper. 

laryngoscope is an instrument employed in investigating during 
life the condition of the pharynx, larynx, and trichen. It consists of a 
concave mirror with perforated centre, and of a smaller mirror fixed in a 
long handle. It is thus used : the patient is placed ins chair, « good light 
(argand burner, or electric lamp) is arranged on one side of, and a little above 
hishead. ‘The operator fixes the large mirror round his head in such a manner, 
that he looks through the central aperture with one.eye. He then seats 
himself opposite the patient, and so alters the position of the mirror, whieh 
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is with a ball-and-socket 
fbr bie ph otter joint, that a beam of 


open his mouth ; the reflection from the mirror 


the cavity of the 
mouth, and by # little alteration of the distance tor 
at which 
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small mirror fixed in the handle is then warmed, either by holding it 
the lamp, or by putting it into a vessel of warm water 

prevent the coi tion of breath upon its surface, ‘The heat 
regulated by applying the back of the mirror to the hand or cheek, when it 
should feel warm without 


ul. 
‘After these preliminaries the patient is directed to put out his tongues 
which is held by the left hand gently but firmly against the lower tocth by 
means of a handkerebief. The warm mirror is passed to the back of the 
mouth, until it rests upon and slightly raises the base of the uvula, and at 
the same time the light is directed upon it: an inverted it of the 
larynx and trachea will be seen in the mirror, If the dorsum of the tangue 
is Alone seen, the handle of the mirror must be slightly lowered until the 





Fig, 555.—To show the position of the oparstor and patient when wing the Laryugoscupe. 


larynx comes into view : care should be taken, however, nob to move the 
mirror upon the uyula, as it excites retehing, The observation should not 
Ve prolonged, but should rather be repeated at short intervals. 

‘The structures seen will vary somewhat: according to the condition of the 
parts as to inspiration, expiration, phonation, &.; they are (og. 5 first, 
and apparently ut the posterior part, the hase of the tongue, isan 
below which ix the arcuate outline of the iy a, with its cushion or 
tubercle, ‘Then are seen in the central line the true vocal cords, white aud 
shining in thelr normal condition. ‘The cords approximate (in the inverted 
image) posteriorly; between them ts left a chink, narrow whilst a high note 
is being sung, wide during a deep inspiration. On each side of the true 
vooal conds, and on a higher level, are the pink false eocal cords, Still more 
externally than the false vocal cords is the aryteno-epiglottidean fold, ‘in 
which are situated upon cach side three small elevations ; of these the most 
external is the cartilage of Wrieberg, the intermediate is the cartilage of 
Santorini, whilst the summit of the arytenoid cartilage is in front, and 
somewhat below the preceding, being only seen during deep inspiration. 











Movements of the Vocal Cords. 


In Respivation.—The position of the vocal cords in 
tranquil breathing is so adapted by the muscles, that the 
of the glottis is wide and triangular (tig. 556, 8). Forall p 

purposes, the glottis remains fetiepetl during 

breathing, though in a small proportion of people it Becomes a 
little wider at each inspiration, and a little narrower at each 
expiration. In the cadaveric position the glottis has about half 
the width it has during ordinary breathing ; sue eae 
fore, except during vocalisation, the abductors of the 

(posterior crico-arytenoids) are in constant action, (F. Semon.) 
On making a repid and deep inspiration the opening of the 
glottis is widely dilated (fig. 556, c), and somewhat lozenge- 
shaped. 

In Vocatieation.—At the moment of the emission of # note, 
the chink is narrowed, the margins of the arytenoid cartilages 
being brought into contact and the edges of the vocal cords 
approximated and made parallel; at the same time their tension 
is much increased. The higher the note produced, the tenser do 
the cords become (fig. 556, 4); and the range of a voice depends, 
in the main, on the extent to which the degree of tension of the 
vocal cords can be thus altered. In the production of a high 
note the vocal cords are brought well within sight, so as to be 
plainly visible with the help of the laryngoscope, In the utter- 
ance of low-pitched tones, on the other hand, the epiglottis is 
depressed and brought over them, and the arytenoid 
look as if they were trying to hide themselves under it (fig. §57)- 
‘The epiglottis, by being somewhat pressed down 80 as to cover 
the superior cavity of the larynx, serves to render the notes 
deeper in tone and at the same time somewhat duller, 

The degree of approximation of the vocal cords alo 
corresponds with the height of the note produced; but the width 
of the aperture has no essential influence on the pitch of the 
note, a8 long as the vocal cords have the same tension: 
with a wide aperture the tone is more difficult to produce and 
is less perfect, the rushing of the air through the aperture being 
heard at the same time. 

No true vocal sound is produced at the posterior part of the 
aperture of the glottis, that, viz, which is formed by the space 
between the arytenoid cartilages. 


al 
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The Voice. 


The human musical instrament is often compared to a reed 
organ-pipe: certainly the notes produced by such pipes in the 
vox humana stop of organs is very like the human voice. Here 


cal 
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indicate the parte as follows, viz! /, the base of the 1 6 the upper free part of 
Os ioe the foberale or etshion of the eplglottiss “pcre ‘the anterior 
rall-of thi x ahind the larynx i the margin of ottidewn, 
fold, », the swelling of the membrane cuused by the ¢ cartilages of t5 that of 
the cartilages of Santorini; «, the tip or summit of #0” the 
‘true vooal cards or lips of the rima glottidin; ce », the superior or fale vocal cords : 
‘tir them the woptrea of Ue arr Yn on the anterior wal of the 
reading trachea, and. indicates the eonumencemment ‘two bronchi beyond the 
jon which imax. bay frmeaha Soha pbane da vihierseste'bd ensaaes 
(Quin, after Ceermal} 


here is not only the vibration of a column of air, but also of a 
reed, which corresponds to the vocal cords in the air-chamber 
composed of the trachea and the bronchial system beneath it. 
The pharynx, mouth, and nasal cavities above the glottis are 
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differently explained by different observers; on 
examination, the glottis is found to be widely open, so that there 
is an absence of chest resonance; some have supposed that the 
attachment of the thyro-arytenoid muscle to 
renders it capable of acting like the finger on a violin string, 
part of the cord being allowed to vibrate while the rest is held 
still. Such a shortening of a 
A vibrating string would produce 
a higher pitched note than is 
natural, 
Musical sounds differ from one 
another in three ways :— 
1. fn piteh, This depends on 


F 
i 
i 


: q the rate of vibration ; and in the 
Hie, 537-— View of he aig past of the, lO of & string, the pitch in- 


‘during the utterance of'm creases with the tension, and 

See eerie .awbeies diminishes with the length of 

spare of he the string. The vocal conds of 

pharynx. (Ceermak.) a woman are shorter than those 

of a man, hence the 

pitched voice of women. The average length of the female cord 

is 11°5 millimetres; this can be stretched to 14; the male cord 
averages 15°5 and can be stretched to 19°5 millimetres. 

2. In loudness. —This depends on the amplitude of the vibra- 
tions, and is increased by the force of the expiratory blast which 
sets the cords in motion. 

3. In “timbre."—This is the difference of character which 
distinguishes one voice, or one musical instrument, from another, 
Tt is due to admixture of the primary vibrations with secondary 
vibrations or overtones. If one takes a tring of a tuning-fork 
on a revolving cylinder, it writes a simple’series of up and down 
Waves corresponding in rate to the note of the fork. Other 
musical instruments do not lend themselves to this form of 
graphic record, but their vibrations can be rendered visible by 
allowing them to act on a small sensitive gus-flame; this bobs 
up and down, and if the reflection of this flame is allowed to fall 
on a series of mirrors, the top of the continuous image formed is 
seen to present waves, ‘The mirrors are usually arranged on the 
four lateral sides of a cube which is rapidly rotated. If one 
sings a note on to the membrane in the side of the gas-vchamber 








aa) 





om, UFY.) THE VOICE. 737 
with which the flame is in connection, the waves seen are not 
simple up and down ones, but the primary lange waves are com- 
plicated by smaller ones on their gurface, at twice, thrice, &c., 
the rate of the primary vibration, The richer a voice, the richer 
the sound of « musical instrument, the more numerous are these 
overtones or harmdnics, 

The range of the voice is seldom, except in celebrated singers, 
more than twoand-half octaves, and for different voices this is 
in different parts of the musical soule. 

Although the voice is usually produced by the expintory 
blast, by practice one can employ the inspiratory blast; this con- 





Vig. 558 —Knig's apparatus for obtaining flame pictures of musical notes. 


stitutes the form of speech known as ventriloquiem. The voice 
does not appear to come out of the speuker's mouth; and ax 
we never readily distinguish the direction in which the sounds 
reach our ear, the ventriloquist, by directing the attention of the 
audience to various parts of the room, is able to make them 
imagine the voice is proceeding from those parts. 


Speech. 


This is due to the modification produced im the fundamental 
Inryngeal notes, by the resonating cavities above the vocal cords. 
By modifying the size and shape of the pharynx, mouth, and nose, 
certain overtones or harmonics are picked out and exaggerated ; 

KP. 3B 
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this gives us the vowel sounds; the consonants are 
interruptions, more or lees complete, of the out 
different situations. The soft palate is raisod at each 


When the larynx is passive, and the resonating cavities 
come into play, then we get whispering. 


(Sygate estimated magically ; # has the 
pitch, then , a (as in father), @ (os in cane), #,and¢ We may give 
examples of the shape of the resonating cavities in, pronoaneing 
sounds, and producing thelr characteristic timbre: when sounding a 
father) the mouth bas the shape of a funnel wide in front; the tongee 
les on the floor of the mouth ; the lps are wide open ; the soft palate is 
moderately and the larynx alightly raised. 

In pronouncing w (00), the cavity of the mouth ix shaped like a cepecions 
flask with « short narrow neck. The whole resonating cavity then 
longest, the lips being protruded as far as possible ; the larynx is depressed 

the root of the tongue ay shes the fauces. 

In pronouncing a, the neck of the flask is shorter and wider, the lips being 
nearer the teeth ; the lars is slightly higher than in sounding 00. 

In pronouncing ¢, the flask is a small one with a long narrow neck. The 
resonating chamber is then shortest as the larynx is raised as much os 
possible, and the mouth is bounded by the teeth, the lips being ; 
the appronch ‘of the tongue near the hanl palate makes the long neck of 

ie finale, 


‘The Consonants are produced by a more or less complete closure of 
certain doors on the course of the outgoing blast. Lf the closure ix com- 
plots aad the blast. soddanty opens the door, the result 1s\am exrplorive : 
if the door is partly closed, and the air rushes with a hiss through it, 
the result is an aspirates if the door is nearly closed atid its margins are 
thrown into vibration, the result is a cidratire; if the mouth is closed, 
and the sound has to find its way out through the nose, the result i« = 
resonant. 

These doors are four in number; Briicke called them the artiewlation 
positions, They are— 


bi 
ag 


i 
i i 


ai 


1. Between the lips 
2. Between the tongue and hard palate, 
3. Between the tongue and soft palate. 
4 Betwoen the vocal cords, 


‘The following table classifies the principal consonants acconting to this 
plan — 





erie Explosives, Axplrates. Vibratives.  Resonants. 
1 BP, —. 
2 TD. R o N. 
3 Kd, Palatal Ri Nge 
4 ~ “Rf lower Saxon... = 





Defects of Speech. 


Speech is an action confined to man; experiments on animals ar therefore 
here inapplicable ; hence our knowledge of the nervous mechanism of speech 
defects depends on deductions dmwn from the clinical and pathological 
study of disease, 
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@ child becomes deaf before it is six or seven years there 
Meee ‘it will forget the specoh it has learnt, and teams 
dum 

In congenital hemi ‘there may be speechlewnes, expecially if the 
injury is due to - huemorrhage affecting the grey cortex of the left 
hemisphere, These children generally talk late, the right side of the brain 
taking on the function of the ieft. 

Disonters of speech and voice occur from affections of the aod of 
the nerves which supply the larynx,  Stammering is a want of 
between the various muscles employed in the act of 9 7 

Perhaps the most interesting of the disorlers of speech, however, are 
those due to brain disease in adults, ‘These fall into three principal 


categories -— 

1. Aphemia—A difficulty or inability to utter or articulate words. It is 
often associated with ditfleulty of swallowing, and occurs in lesions of the 
dase of the brain, especially of pons and vulb, The blurring of specch 
noticed in most cases of apoplexy may also be included under this head, 

2. Aphasia.—This is a complex condition in which the will to speak 
exists, and also the ability to speak, but the connection between the two 
ie broken down. When the pationt spoaks, the words which be utters 
are well pronounced, but are not those he wishes to utter. This is often 
associated with Agraphia, # similar conelition im respect to writing. It bs 
oo of disordered speech associated with disorganisation of Broca’s 
convolution. 

3. Amnesia. —This term includes a large class of cases in which the main 
symptots is loss of memory for words, or a defect of the axsocintion of ireas 
of things with ideas of words, not as in aphasia with ideas of verbal action, 
Amnesia ik mstociated with lesions of the tntellectual, ie, the sensory 
centres of the cortex behind the Kolandic area. We haye seen that im this 
region of the brain there are two important centres, the visual and the 
auditory, and the parts of these which are associnted’ with words may be 
called the visual word-centre and the auditory wvrd-centre. They have 
not, however, been anatomically localised, In amnesia, either these 
centres themselves, or the tracts that connect them, are diseased or broken 
down, 

With regard to the auditory wonl-centre, impressions for the sounds of 
words are revived in one of three ways -— 

@, Spontaneotw or volitional ; owing to accumulated traces which constitute 
memory, a man when he wants to ¢xpress his thoughts in words remembers 
the sounds it i necessary to use; impulses pass to the motor-centre (Broca’s 
convolution), thence to the nervé-centres, nerves, and muscles of the larynx, 
mouth, chest, &¢, and the Ce) 

b, In slight disease of the auditory word-centre, he is unable to do this, 
but if his mind ix seb into a certain groove he will 5 ; thas if the 
alphabet or.» well-known. pleco poetry, be started for him he will finish 
it by himself, 

cc. Mimotic. In more severe cases, & more powerful stinvulus still is 
needed ; he will repeat any words after another person, but forget then: 
immediately afterwards, 

With regard to the visual word-centre as tested by writing, there are also 
three ways of reviving impressions for written words or letters, 
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)) Spontaneous or normal. 

4.) Atrain of thought must first be sct going; as, for instance, converting 
printed words into written characters. 

(c.) Mimetic ; he can only write from a copy. 

‘Two operations require the combined activity of both centres; the first 
of these is reading aloud, the second is writing from dictation, 

In reading nloud, the impression of the words enters by the eye 
reaches the visual word-centre, travels neross to the auditory word-centre, 
where the sounds of the words are revived and the person pronounces 
them. 

Writing fro tation is just the opposite; there the impressions of the 
words enter by the ears, reach the auditory word-centre, travel macros to 
the visual word-centre, where the shapes of the words are revived and the 
person writes them. 

In the investigation of any case of defective speech there are always the 
following six things to be inquired into — 








4. Can the patient understand spoken wonls? (The at 
course, not being deaf.) If he cannot, the suditory centre i 
deranged. 


‘an he repeat words when requested! This tests the emission Gin 
from the auditory word-centre which pas through the motor-centres for 
speach in Broca’s convolution. If he cannot do this, the patient has 
aphasia, 

3. Can he write from dictation? If he cannot, either the auditory or 
visual word-centre, or the fibres passing from the one to the other, ane 
injured. 

4- Does he understand printed matter, and can he point out printed 
letters and words? Can he read to himself? (‘Tho pationty of course, net 
being blind.) This tests the visual word-centre, 

5. Can he copy written words? This tests the channels from tho 
visual wonbcentre to the motor-centres for movements of the hand in 
writing. 

6. Can be read aloud, or, what ix the sume thing, name objects be sees? 
This ix the opposite to writing from dictation, and tests the bealthiness of 
the word-centres or the fibres which connect the visual to the weditory 
word-centre, 














CHAPTER LY. 
THE EYE AND VISION. 


Tue eyeball is contained in the cavity of the skull called 
the orbit; here also are vessels and nerves for the supply of 
the eyeball, muscles to move it, and «a quantity of adipose 
tissue, In the front of the eyeball are the lids and Inerimal 
apparatus, 

The eyelids consist of two movable folds of skin, each of 
which is kept in shape by « thin plate of fibrous tissne called the 
tarsus. Along thei ¢ edges are inserted a number of curved 
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hairs (eyelashes), whieh, when the lids are half closed, serve to 
protect the eye from dust and other foreign bodies: the tactile 
sensibility of the lids is very delicate. On the inner surface 
of the tarsus are disposed a number of small racemose glands 
(Meibomian), the ducts of which opem near the free edge of 
the lid. 

The orbital surface of each lid is lined by a delicate, highly 
sensitive mucous membrane (confunetive), whieh is continuous 
with the skin at the free edge of each lid, and after lining the 
innor surface of the eyelid is reflected on to the eyeball, being 
somewhat loosely adherent to the selerotic coat, Its epithelium, 
which is columnar, is continued over the cornea as its anterior 
epithelium, where it becomes stratified, At the inner edge of 
the eye the conjunctiva becomes eontinnous with the mucous 
lining of the lacrimal sae and duct, which again is con- 
tinuous with the mucous membrane of the inferior meatus of 
the nose. 

The facrimat gland, composed of several lobules made up of 
acini resembling the serous salivary glands, is lodged in the upper 
and outer angle of the orbit. Tts secretion, which issues from 
several ducts on the inner surface of the upper lid, under ordinary 
circumstances just suffices to keep the conjunctiva moist. It 
passes out through two small openings (pnneta lacrimalia) near 
the inner angle of the eye, one in each lid, into the lacrimal sae, 
and thence along the nasal duct into the inferior meatus of the 
nose. The excessive secretion poured out under the influence 
of an frritating vapour or painful emotion overflows the lower 
lid in the form of tears. The secretory nerves are stated to be 
contained in the lacrimal and subcutaneous molar branches of the 
fifth nerve, and in the cervical sympathetic. 

‘The eyelids are closed by the contraction of a sphincter muscle 
(orbicularis), supplied. by the facial nerve ; the upper lid is raised 
by the levator palpebra superioris, supplied by the third nerve. 





The Eyeball. 


eball or the organ of vision (fig. 559) consists of a 
variety of structures which may be thus enumerated :— 

‘The sclerotic, or outermost coat, envelops about fivesixths of 
the eyeball: continuous with it, in front, and occupying the 
remaining sixth, is the cormea. Immediately within the sclerotic 
is the choraid coat, and within the choroid is the retina, The 
interior of the eyeball is filled by the agneous and vitreous humours 
and the erystalline fens; but, also, there is suspended in the 
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interior a contractile and perforated curtain,—the fis, for 
regulating the admission of light, and behind at the junetion 
of the sclerotic and cornea is the ciliary muscle, the function 


Ciliary muscle 


‘Gamal at ent 
Cornea 


Anterior chamber: 


Lane 
Irie 


Ciliary process 


Ciliary mnsele— 





Fig. $99. —Sentiom of the antecior four-tifths of the eyeball, 


of which is to adapt the eye for seeing objects at various 
distances. F 
Structure of the Sclerotic Coat.—The sclerotic coat is composed 








Fig. <60.—Verticn! seation of rabbit's cones. «, Anteriorepithelium, showing the diiterent 
shapes of the cells at sarioun depths from the free surface ; 1, partion of the aubwtance 
of cornea. (Klefn. 





of white fibrous tissue, with some elastic fibres near the inner 
surface, arranged in variously disposed and interlacing Tayers. 
Many of the bundles of fibres cross the others almost at right 

es. It is strong, tough, and opaque, and not very elastic. 
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It is separated from the choroid by a lymphatic spaco 
choroidal), and this is in connection with smaller spaces 
_ with endothelium in the sclerotic coat itself. There 





 $61.Horizontal of cornes of , ‘the network of branched 
Te acs catalan Tie artanl woleaaieia aegis miaaiien, Ser niet 


lymphatic space also outside the sclerotic separating it from a 
loose investment of connective tissue, containing some smooth 
muscular fibres, called the eapeule of Tenon, The innermost layer 





Fig. s62.—Surface view of part of lamells of Kitten’s cornes, first with caustic 
ie See ree ee 
and Noble Bunith.) 

of the sclerotic is made up of loose connective tissue and pigment- 

cells, and is called the /amina fusca, 

Structure of the Cornea.—The cornea is a transparent membrane 
which forms a segment of a smaller sphere than the rest of the 
eyeball, and is let in, as it were, into the sclerotic, with which it is 
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continuous all round. It is covered by stratified epitheliam 
(a, fig. 560), consisting of seven or eight layers of cells, of whieh 
the superficial ones are flattened and scaly, and the deeper onew 
more or less columnar, Immediately 
beneath this is the anterior homogencows 
lamina of Bowman, which differs, only 
in being more condensed tissue, from 
the general structure of the cornea. 
The corneal tissue, as well as its 
epithelium, is, in the adult, completely 
destitute of blood-veasela ; it consists 
of an intercellular ground-substance of 
rather obscurely fibrillated flattened 
bundles of connective tissue, arranged 
parallel to the free surface, and forming 
the boundaries of branched anastomos- 
ing spaces in which the corneal cor- 
puseles lie, ‘These corneal corpuscles 
have been seen to execute amoboid 
movements. At its posterior surface 
the cornea is limited by the posterior 
homogeneous lamina, ot membrane of 
Descemet, which ix elastic in nature, 
and lastly a single stratum of cubleal 
epithelial cells (fig. 563, d). 
Nerves—The nerves of the cornea 
are both large and numerous: they are 
Pig. 965-—Vartlelsoctln of ad. rived from tho ciliary nerves. They 
ae ahem qisine! wun ell traverse the substance of the cornea, in 
opithelium.' Immediately te- which some of them near the anterior 
Rndarinuine of Demmans, surface break up into axis cylinders, 


reneous lamnina of D ‘an i f 
telat uae aad sending 40d their primitive fibrillie, ‘The latter 
up fine twigs between theepl- form a plexus immediately beneath the 
thelial cells to end in a second . ' ‘, x 

lexus on the free surtuce; 4, epithelium, from which delicate fibrils 
ee ntenetetts ieee aeal pass up between the cells anasto 
fnnthutines of'thecorse,, —‘08ing with horizontal branches, and 
isneen to befirillated, andoon- forming an intra-epithelial plexus, Most 
tains many layers of branched ~ die el 
porpusles, axranged parallelto Of the primitive fibrille have a beaded 
Oo te T°" or varicose appearance. The cornea 
has no blood-vessels penetrating ite 
structure, nor yet lymphatic vessels proper. It is nourished by 
the cireulation of lymph in the spaces in which the corneal 
corpuscles lic, Those communicate frocly and form a lymph: 
wanmioular system, 
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Structure of the Choroid Coat (tunica waseuloss).—This coat is 
attached to the inner layer of the 
sclerotic in front at the cornecacleral 
junction and behind at the entrance of 
the optic nerve; elsewhere it is con- 
nected to it only by loose connective 
tissue, Its external coat is formed 
chiefly of elastic fibres and large pig- 
ment corpuscles loosely arranged ; it 
contains lymphatic spaces lined with 
endothelium. This is the Jamina supra- 
choroiden, More internally is a layer 
of arteries and veins arranged in a 
system of venous whorls, together with 
elastic fibres and pigment cells. The 
lymphatics, too, are well developed 
around the blood-vessels, and there are 
besides distinct lymph spaces lined with 
endothelium. Tnternally to this is « 
layer of fine capillaries, very dense and derived from the arteries 
of the onter coat and ending in veins in that coat. It contains 








% 
g-—Aeation enough the ep¥ carried through the a 1. comes 
eae of Decent sereti croc fet 4 cal 
coe peeien at tee iH ores r 
ran ruven); 10 
meridional and ruling Sr of lary 
‘cireular or angulae' ~y 





corpuscles without pigment, and lymph spaces which surround 
the blood-vessels (membrana choriocapillaris). Tb is separated 
from the retina by « fine clastic membrane (membrane of Bruch), 
which is either structureless or finely fibrillated. (Fig. 564, 1.) 
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The choroid coat ends in front in what are called the etliary 
processes (figs, 565, 566). These consist of from 70 to So meridion- 
ally arranged radiating plaits, which consist of blood-vessels, fibrous 
connective tisaue,{and pigment corpuscles, They are lined by a 
continuation of the membrane of Brach, The ciliary processes 
terminateabruptlyatthe margin 
of the lens. The ciliary ramacle 
(13, 14 and 15, fig. 565), takes 
origin at the corneo-scleral 
junction, It is a ring of muscle, 
3 mm. broad and § mm. thick, 
made upof fibresrunning in three 
directions. (a) Meridional fibres 
near the sclerotic and passing 
to the choroid ; (6) radial fllbres 
passing to be inserted into the 
choroid behind the ciliary pro- 
ceases ; and (c) circular fibres 
(muscle of Muller), more inter- 





Ss nal; they constitute a sphincter, 
% anterior part of the chardid ‘coat | The Iris—The irie, is a,con- 
., one of the ciliary processes. of which 3 7 ae 
ahout seventy are Represented. tinuation of the choroid inwards 


beyond the ciliary processes. It 
is a fibro-muscular membrane perforated by a central aperture, 
the pupil. It is made up chiefly of blood-vessels and connective 
tissue, with pigment-cells and unstriated muscle, 

Posteriorly is a layer of pigment cella (wen), which is m con- 
tinuation forwards of the pigment layer of the retina. The 
structure of the iris proper is made of connective tissue in front 
with corpuscles which may or may not be pigmented, and behind 
of similar tissue supporting blood-vessels encloged in connective 
tissue. The pigment cells are usually well developed here, as are 
also many nerve-fibres radiating towards the pupil. Surrounding 
the pupil is « layer of circular unstriped muscle, the sphineter 
pupille. \n some animals there are also muscle-fibres which 
nudiate from the sphincter in the substance of the iris forming 
the dilatator pupitle. ‘The iris is covered anteriorly bya Inyer of 
epithelium continued upon it from the posterior surfaceof the cornea, 

The Lens.—The lens is situnted behind the iris, being enclosed 
in a distinet eapsule, the posterior layer of which is not #0 thick 
as the anterior. It is supported in place by the suspensory 
ligament, fused to the anterior surface of the capsule. ‘The 
suspensory ligament is derived from the hyaloid membrane, 
which encloses the vitreous humour, 
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‘The lens is made up of a series of concentric Luminw (fig. 567), 
which, when it has been hardened, can be peeled off like the conta of 
an onion, The laminw consist of Long ribbou-shaped fibres, which 
in the course of development have originated from cells. 

‘The fibres near the margin have nuclei and are smooth, those 
near the centre are without nuclei 
and have serrated edges. They are 
hexagonal in transverse section, The 
fibres are united together by a scanty 
amount of cement substance. The 
central portion (nucleus) of the lens 
is the hardest. 

‘The epithelium of the lens consists 
of # layer of cubical cells anteriorly, 
which merges at the equator into 
the lens fibres. The development: 
of the lens explains this transition. 
‘The lens at first consists of a closed 
sac composed of a single layer of 
epithelium. The cells of the pos- 
terior part soonselongate forwards and obliterate the cavity ; 
the anterior cells do not. grow, but at the edge they become con- 
tinuous with the posterior cells, which are gradually developed 
into fibres (fig. 568). ‘The principal chemical constituent of the 
lens is « proteid of the globulin olass called crystallin, 

Corneo-scleral junction.—At this junction the relation of parts 
(fig. 565) is so important as to need a short description. In this 





Pe Sickel man Set etme gee hae 
neighbourhood, the iris and ciliary processes join with the cornea. 
The proper substance of the cornea and the posterior elastic 
lamina become continuous with the iris, at the angle of the tris, 
and the iris sends forwards processes towards the posterior elastic 
lamina, forming the ligamentum pectinatum iridis, and these join 
with fibres of the elastic lamina. ‘The epithelial covering of the 
posterior surface of the cornea is, as we have seen, continuous 
over the front of the iris. At the iridie angle, the compact inner 
substance of the cornea is looser, and between the bundles are 
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lymph spaces filled with fluid, called the spaces of Fontana. 
They are little developed in the human cornea. 

The spaces which are present in the broken np bundles of 
corneal tissue at the angle of the irix, are continnows with the 
larger lymphatic space of the anterior chamber, Above the angle 
at the corneo-scleral junction is a canal, which is called the canal 
of Schlemm. It i# « lymphatic channel, 

Structure of the Retina.—The retina (fig. 569) is a delicate 
membrane, concave with 
the concavity directed 
forwards and apparently 
ending in front, near the 
outer part of the ciliary 
processes, in a finely- 
notched edge, the ora 
serrata, but really repre. 
sented by the uves to the 
very margin of the pupil. 
It results from the expan- 
sion of the optic nerve, of 
whose terminal fibres, de- 
prived of their external 
white substance, together 
with nerve-cells, it i es 
sentially composed. ‘The 
presence of nerve-cells in 
the retina which come 
into contact with the rods 
and cones (visual nerve- 
epithelium) reminds us 
that the optic, like the 
olfactory nerve, ig not a 


fom. ur. 





Fig. 569. A scotion of the retina, ehorvid, and part 
«dha senegtin: moderately again’ = tokens 
Drana lmitans interna; nervo-tibore 
traversed by Miller's ‘sustentacular res ; 
& ganglion-cell layer; , internal molecular 
layer; %, internal nuclear layer ; ./, external 
molecular layer; g, external nuclear layer; 
4, membrana Timitans externa, running along 
the lower part of he layer of rods an coe 
&, pigment cell layer ; !, m, interna and external 
Yuctlar portions of the choroid, the fest 
containing capillaries, the second larger blood- 
vowels, cut in transvorne mootion ; «, selerotin 
(W, Pye.) 














macula lutea, or yellow spot of Scemmering. 
its centre is called the fovea centralis, 


mere nerve, but an out- 
growth of the brain. 

In the centre of the 
retina is « round yellowish 
elevated spot, about yip 
of an inch (f mm.) in 
diameter, having a depres- 
sion in the centre, ealled 
after its discoverer the 
The depression in 
About jy of an inch 


(2°5 mm.) to the inner side of the yellow spot, is the point 
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(optic dive or white spot) at which the optic nerve enters the 
eyeball, and begins to spread out its fibres into the retina. 

The optic nerve passes forwards from the ventral surface of 
the cerebrum towards the orbit enclosed in prolongations of the 
membranes, which cover the brain. This external sheath at the 
entrance of the nerve into the eyeball becomes continuous with 
the sclerotic, which at this part is perforated by holes to allow 
of the passage of the optic nerve fibres, the perforated part being 
the lamina eribrosa, The pia mater here becomes incomplete, 
and the subanwchnoid and the 
superarachnoid spaces become if. 
continuous ‘The pia mater sends 
in processes into the nerve to 
support the fibres. The fibres 
of the nerve themselyes are 
exceedingly fine, and are sur. 
rounded by the myelin sheath, 





Outer mole 


but do not possess the ordinary solraye, 
external nerve sheath. As they 

pase into the retina they lose 

their myelin sheaths and proceed 

as axis cylinders, Neuroglia ® nies 
supports the nerve fibres in the "i 
optic nerve trunk. In the centre 

of the nerve is a small artery, 

the arteria centralis retine, The ge 


number of fibres in. the optic 
nerve is said to be upwards of 
00,000. ‘The axis cylinders p. 
pass on to the retina, turning 
over the edges of the porws rig. s7.—Diagmm showing the susten- 





1s, to be distributed on the pod Bree ‘hata dt free 
inne ny ii membrane ; w, nucleus of 
inner surface of the retina, as = tie dacet ta te! 
far as the ora serrata, as the drick, after 8Wikr.) 
layer of optic nerve-ibres. 





The retina consists of certain clements arranged in ten layers 
from within outwards (figs. 569, 570, 571). 

1, Membrane limitans énterna: This so-called membrane in 
contact with the vitreous humour is formed by the junction 
laterally of the bases of the suatentacular or supporting flhres of 
Miiller, which bear the same relation to the retina as the 
neuroglia docs to the brain, The character of these fibres may 
be seen in fig. 570. 

2. Optic nerve fibres, —This lnyer is of very varying thickness 
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in different parts of the retina: it consists of non-medullated 
fibres which interlace, and some of which are continuous with 
processes of the large nerve-cells forming the next layer. The 
fibres are supported by the sustentacular fibres. They become 
Jess and less numerous anteriorly and end at the ora serrata. 
3. Layer of ganglion celle. This consists of large bree at 
nerve-cells with 
round nuclei, forming: aie 
| « single layer, or in some 
parts of the retina, especi- 
in ally near the macula Iter, 
where this layer is very 
thick, it consixts of several 
strata of nerve-cells. They 
are arranged with their 
single axis-cylinder pro- 
cesses inwards. ‘These pass 
/ into and are continuous 
with the layer of optic 
nerve - fibres. Externally 
the cells send off several 
brinched processes whieh: 
puss into the next Inyer. 
4. Inner moleoular layer. 
~This presents a finely 
granulated appearance. Tt 
consists of neuroglia tra- 
versed by numerons very 
fine fibrillar processes of the 
nerve-cells just described, 
and the minute branchings 
Fig: lia  Diagensn showing the nervous ele Of the processes of the Bi- 
of 


if cunglion polar cells of the next layer. 


Bipolar cell, 








2, proceaes of ganglion 


ve fe passing direet to Spokes 5. fener nuclear layer. 
‘all in inner ouclear iayer ; 4, jrosees of > a 
lion cell towards bipolureelly «titre from ~=—This consists chiefly of 


Stborkse rund the Urge of tapaier’eis, — HUMerous small round eels, 


(Prom MeKendrick, after Shr. with « very small quantity 

of protoplasm surrounding: 
a large ovoid nucleus; they are generally bipolar, giving off one 
process outwards and another inwards. One process passes inwards 
to form a synapse with the arborisition of a ganglion cell, 
the other outwards to similarly arborise with the brinchings of 
the rod and cone fibres. Some cells, called qpongioblaste, or 
amacrine cells, however, only send off one process, whieh’ passes 
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inwards (fig. 570). The large oval nuclei (fig. 570) belonging tu 
the Mallerian fibres occur in this layer. 

6. Outer molecular layer.—This layer closely resembles the 
inner molecular layer, but 
is much thinner. It con- 
tains the branchings of the 
rod and cone fibres on the 
one hand and of the 
bipolar cells on the other. 

7. External nuelear layer. 
—This layer consists of 
small cells resembling at 
firat sight those of the in- 
ternal nuclear layer; they 
are classed as rod and cone 
granules, according as they 
are connected with the 
rods and cones respectively, 
and will be described with 
them, They ure lodged in 
the meshes of a frame: 
work, which is formed by 
the breaking up of the 
Millerian fibres. 

8. Membrana limitans 
externa.—A delicate well- 
defined membrane, clearly 
marking the internal limit of the rod and cone layer, and made up 
of the junction of the bases of the sustentacular fibres externally. 





mbar sve 


wet 





Pig. 57}, Diagram of » section thevugh half tho foves cuntrali.  euuglionic layer 

4. Inner nuclear; 6, eater nuclesr ayer, ‘cone fibres forming so-oulled 
Saternat Aros layer , iertanns Sonitane exer jee, emionsa 
timrans interna,” (titer und Goliing MINE) 


Small hairlike processes project outwanis between the rode and 
cones to support them. 
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9. Layer of rods and cones.—This layer is the nerve-epithelian 
of the retina, It consists of two kinds of cells, rods and cones, 
which are arranged at right angles to the external limiting mem- 
brane, and supported by hairlike processes (basket) proceeding from 
the latter for a short distance (fig. 570). 

The vols. —Each rod (fig. 571) is made up of two parts, very 
different in structure, called the outer and inner limbs. The outer 
limb of the rods is about 30 long aud 2 broad, is transparent, and 
doubly refracting. It is said to be made up of fine superimposed 
discs. It stains brown with ogmic acid but not with hamatoxylin, 
and resembles in some ways the myelin sheath of a medullated 
nerve. It is the part of the rod in which the pigment called wismal 
purple is found. In some animals, « fow rods have a greenish 
pigment instead. The inner limb is about as long but slightly 
broader than the outer, is longitudinally striated at its outer and 
granular at its inner part. 
{t stains with hematoxylin 
but not with osrmic acid. 

B Each rod #0 constructed is 
connected internally with a 
rod fibre, very fine, but here 
and there varicose; in the 

middle of the fibre is a rod 
granule, really the nucleus of 
MMe Sit suit coherings ten on tet earincet the rod, striped browdly trans- 
iy th anew i cover by the le versely, rs east about 
ment granules. 1%, two cells seen in grote he middle o external 
Sarenly any pigment. "x sree (ilenle) © nuclear layer; the internal 
end of the rod fibre termi- 
nates in branchings in the outer molecular layer. 

The conex.—Kach cone (fig. 571), like the rods, is made up of 
two limbs, outer and inner. The outer limb is tapering and not 
cylindrical like the corresponding part of the rod, and about one- 
third only of its length. ‘There is, moreover, no visual purple 
found in the cone, The inner limb of the cone is broader in the 
centre. It is protoplasmic, and under the influence of light has 
been seon to execute movements, In birds there is often a 
coloured oil globule present here. h cone is in connection by 
its internal end with « cone fibre, which has much the same 
structure as the rod fibre, but is mach stouter and has its nucleus 
quite near to the external limiting membrane, Its inner end 
terminates by branchings in the external molecular layer, 

In the rod and cone layer of binds, the cones usually pre- 
dominate largely in number, whereas in man the rods are by 


A 
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far the more numerous, except in the fovea centralis, where 
cones only are present. The number of cones has been estimated 
At 3,000,000, 

10, Pigment-cell layer consists of a single layer of polygonal 
cells, mostly six-sided, which send down a beard-like fringe to 
surround the outer ends of the rods. It is this layer which 
is continuous with the uvea, where, however, the cells become 
rounded, and arranged two or three deep. 

The next figure (fig. 575) represents the structure of the retina 
as made out by Golgi's method. 

Differences in Structure of different parts.—Towards the centre 
of the macwa lutea all the layers of the retina become greatly 





for the cones 
Erb optic cena; fy teu athortnons of obtie serve Soren 
Day ; J Saree from tho cells of geniculate ‘ody on the ‘way to cerebral eorter. 


thinned out and almost disappear, except the rod and cone layer, 
and at the fover centradia the rods disappear, and the cones, 
especially their inner segments, are long and narrow. At the 
margin of the fovea the layers increase in thickness, and in the 
rest of the macula lutea are thicker than elsewhere, The gan- 
glionic layer is especially thickened, the cells being six to eight 
deep (2, fig. 573). The bipolar inner granules (cone nuclei) are 
obliquely disposed (figs. 573 and 575) on the course of the cone 
fibres, and are situated at some distance from the membrana 
limitans externa, which is cupped towards the fovea (fig. 573). 
The yellow tint of the macula is due toa diffuse colouring matter 
in the interstices of the four or five inner layers; it is ‘absent at 
the centre of the fovea. 
KP, ae 
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At the ora serrata the layers are not perfect and disappear in 
this order: nerve-tibres and ganglia cells, then the rods, leaving 
only the inner limbs of the cones, next these cease, then the outer 
molecular layer, the inner and outer nuclear layers coalescing, 
and finally the inner molecular layer also is unrepresented. 

At the parsciliaris retinw, the retina is represented by a layer 
of columnar cells, derived from the fusion of the nuclear layers. 
Tho cells externally are in contact with the pigment layer of 
the retina, which is continued over the ciliary processes and back 
of the iris, 

At tho entrance of the optic nerve the only structures present 
are nerve-fibres. 

The chambers of the eye—The anterior chamber is the 
behind the cornea and in front of the iris, It is filled with 
aqueous humour, which i diluted lymph. 

The posterior chamber, or that behind the iris, contains the 
vitreous humour, which is « jelly-like connective tissue (see p. 52). 
It is enclosed in a membrane called membrana Ayalotdea, wl 
in front is continuous with the capsule of the lens; round 
the edge of the lens the canal left is called the Canal of Petit 
(fig. 559, p. 742), the membrane itself being the Zonule of 
Zinn, The hiyaloid membrane separates the vitreous from the 
retina, 

Blood-vessels of the Eyebadl.—The eye is very richly supplied 
with blood-vesasels, In addition to the conjunctival vessels which 
are derived from the palpebral and lncrimal arteries, there are 
at least two other distinct sets of vessels supplying the tunics of 
the eyeball. (1) The vessels of the sclerotic, choroid, and iris, 
and (2) the vessels of the retina, 

(1.) These are the short and long posterior ciliary arteries 
which pierce the sclerotic in the posterior half of the eyeball, and 
the anterior ciliary which enter near the insertions of the recti. 
‘These vessels anastomose and form a very rich choroidal plexus ; 
they also supply the iris and ciliary processes, forming m very 
highly vascular circle round the outer margin of the iris and 
adjoining portion of the sclerotic. 

Tho distinctness of these vessels from those of the conjanctiva 
is well seon in the difference between the bright red of blood-shot 
eyes (conjunctival congestion), and the pink zone surrounding the 
cornea which indicates deep-seated ciliary congestion. 

(2.) Tho retinal vessels (fig. 572) are derived from the arteria 
eentralis retine, which enters the eyeball along the centre of the 
optic nerve. They ramify all over the retina, in its inner layers. 
They can be seen by ophthalmoscopic examination, 
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The Eye as an Optioal Instrument, 


The eye may be compared to a photographic camern, and the 
transparent media correspond to the photographie lews. In such 
a camera images of external objects are thrown upon  ground- 
glass soreen at the back of a box, the interior of which is painted 
black. In the eye, the camera is represented by the eyeball with 
its black pigment, the sereen by the layer of rods and cones of 
the retina, and the lens by the refracting media. In the case of 
the camera, the screen is enabled to receive clear images of objects 
at different distances, by an apparatus for focussing. The 
corresponding contrivance in the eye ix called accommodation, 

The iris, which is capable of allowing more or less light to pass 
into the eye, corresponds with the diaphragms used in the photo- 
gmuphic apparatus. 

The refractive media are the cornea, aqueous humonr, erystal- 
line lens, and vitreous humour. The most refraction or bending 
of the rays of light occurs where they pass from the air into the 
cornea; they are again bent slightly in passing through the 
crystalline lens. Alterations in the anterior curvature of the 
crystalline lens lead to what we have already termed accommo- 
dation—that is, the power the eye has for adjusting itself to 
objects at different distances. 

We may first consider the refraction through a simple trans- 
parent spherical surface, separating two media of different 
density. 

‘The rays of light which fall upon the surface exactly perpen- 
dicularly do not suffer refraction, but pass through, cntting the 
optic axis (O A, fig. 576), a line which passes exactly through the 
centre of the surface, at a certain point, the nodal point (fig. 576,N), 
or centre of curvature. Any rays which do not so strike the 
curved surface are refracted towards the optic axis’ Rays which 
impinge upon the spherical surface parallel to the optic axis, will 
meet at a point behind, upon the said axis which is called the 
chief posterior focus (fig. 576, F;); and again there is a point in 
the optic axis in front of the surface, rays of light from which 
so strike the surface that they are refracted in # line parallel 
with the axis df"; this point (fig. 576, Fy) is called the chief 
anterior focus. The optic axis cuts the surface at what is called 
the principal point. 

It is quite obvious that the eye is a much more complicated 
optical apparatus than the one described in the figure. It is, 

802 
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however, possible to reduce the refractive surfaces and media to 
a simpler form when the refractive indices of the different media 








ip ype 7 ad 


—Dingraan of optical erytera (nfler M. Poster). ‘The curved surtaen, 
supped toate ‘8 Jew rofrctive mevtinm towards the Jeft from s mare 
re rhedinim tow ted the right. 





curvature of each surface are known, These data are as 
follows :-— 








Index of refraction of cornea = 9 
A aqueous and vitreous = 1°34 to 36 
a See 
“ in inner part. 
Radius of curvature of cornea = 
Fh x anterior surface of lens = 10 
posterior is = 6a 
Distance from unterior surface of cornea 
to anterior surface of lens = 36, 
Divtance from posterior surface of comea 
to posterior surface of lems = Ths 
Distance from posterior surface of lons to 
retina = 150 » 


With these data, it hax been found comparatively easy to 
reduce by ealeulation the different surfaces of different eurva- 
ture, into one mean curved surface of known curvature, and 
the differently refracting media, into one mean medium the 
refractive power of which is known. 

Tho simplest so-called schematic eye formed upon this prin- 
ciple, suggested by Listing as the reduced eye, has the following 
dimensions »— 

From anterior surface of cornea to the 

principal point . 
From the nodal point to the posterior sure 








2°3448 mm. 






face of lens “4764 mm. 
Posterior chief focus lies behind cornea 22°8237 mm. 
terior chief focus in front of cornea 12°8326 mm. 





Radius of curvature of ideal surface = 51248 mm. 
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‘The term index of refraction means the ratio of the sine of the 
angle of incidence to that of the angle of refraction; this is 
shown in the next figure, 





Vig. 577-—If P TY is a line which separates two media, the lower one being the denver, and 
A'0 i a ray of light falling on Mt It ie bent wt O towards the normal of ine 
fine NX "A 0 te called the ineldent ray, anit O SAO te called 
the angle of incidence (f), and N" OD the sngle of refraction (|. Tf any distance 
OX'is measured off along OA, and an along © Band perpen 
Aicularedeawn to NN"; then 3, = Index of refraction. 
In this reduced or simplified eye, the principal posterior focus, 
about 23 mm. behind the spherical surface, would correspond to 


es 






Fig. 5)8—Diagram of the optical angle, 


the position of the retina behind the anterior surface of cornea. 
‘The refracting surfwce would be situated about midway between 
the posterior surface of the cornea and the anterior surface of 
the lens. 
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The optical axis of the eye is a line drawn through the centres: 
of curvature of the cornea und lens, prolonged backwards to 
touch the retina between the porus opticus and fovea centralis, 
and this differs from the viewal aris which pussies through the 
nodal point of the reduced eye to the fovea centralis; this forms 
an angle of 5° with the optical axis. But for practical pr 
the optical axis and the visual axis may be considered to be 
identical. ‘The visual or optical angle (fig. 578) is included 
between the lines drawn from the borders of any object to the 
nodal point; if the lines be prolonged backwards they include 
wn oqual angle, It has been shown by Helmbolte that the 
smallest angular distance between two points which can be appre- 
ciated = 50 seconds, the size of the retinal image being 3°65; 








Fie Sem rinks The wurfase CC should be supposed to Fepreseat the Meal Gerratasee 
this practically corresponds to the diameter of the cones at the 
fovea centralis which = 3p, the distance between the centres 
of two adjacent cones being = 4m. 

Any object, for example, the arrow A B (fig. 579), may be 
considered as a series of points from each of which a pencil of 
light diverges to the eye. Take, for instance, the rays divenging 
from the tip of the arrow A; © C represents the curvature 
of the schematic or reduced eye; the ray which passes through 
the centre of the circle of which C C is part is not refracted ; 
this point is represented as an asterisk in fig. 579; it is near 
the posterior surface of the crystalline lens; the ray A G, 
which is parallel to the optic axis O 0, is refracted through the 
principal posterior focus P, and cuts the first ray at the point A‘ 
on the retina. All the other rays from A meot at the same 
point. Similarly the other end of the arrow B is focussed at BY, 
and mays from all other points have corresponding focuses. 

It will thus be seen that an inverted image of external Objects 
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is formed on the retina, The retina is « curved screen, but 
the images fall only on a small area of the retina under normal 
circumstances; hence for practical purposes this small area may 
be regarded as flat. 

The question then arises, Why is it that objects do not appear 
to us to be upside down? This is easily understood when we 
remember that the sensation of sight occurs not in the eye, but 
in the brain. By education the brain learns that the tops of 
objects excite certain portions of the retina, and the lower parts 
of objects other portions of the retina. That these portions of 
the retina are reversed in position to 
the parts of the object does not matter 
at all, any more than it matters when 
one's photograph arrives home from 
the photographer's that it was wrong 
way up in the photographer's camera 
—one puts it right way up in the 
photograph album. 











AcoommoDATION. 

‘The power of accommodation, or  $'fram'the autenesurfare af 
os Caicriaie of the eye a ee ¢ rere a “Tet fare 
different distances, is primarily due to explanation, se text 
waaay recta ign Once Syempliying  otranent 
its front surface becomes more or less Pps may 


convex, according as the distance of the 

object looked at is near or far. The nearer the object, the more 
convex, up to a certain limit, the front surface of the lens becomes, 
and vice versd ; the back surface takes no share in the production of 
the effect required. ‘The posterior surface, which during rest is 
more convex than the anterior, is thas rendered the less convex of 
the two during accommodation. ‘The following simple experiment 
illustrates this point: If a lighted candle be held a little to one 
side of a person's eye an observer looking at the eye from the 
other side sees three images of the flame (fig. 580). The first 
and brightest is (1) a small erect image formed by the anterior 
convex surface of the cornea; the second (2) is also erect, but larger 
and less distinct than the preceding, and is formed at the anterior 
convex surface of the lens; the third (3) is smaller, inverted, and 
indistinet ; it is formed at the posterior surface of the lens, which. 
is concave forwards, and therefore, like all concave mirrors, 
gives an inverted image, If now the eye under observation is 
made to look at a near object, the second image becomes smaller, 
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clearer, and approaches the first. If the eye is now adjusted for 
a far point, the second image enlarges again, becomes less distinct, 
and recedes from the first. In both cases the first and third 
images remain unaltered in size, distinctness, and position. This 


proves that durin mnmodation for near objects the ture 
of the cornea, and of the evion surface 
tinal , while the anterior surface of the lens becom 


oon and a) hes the cornen, 

he experiment is more striking when two candles (represented 
by arrows in fig. 581) are used, and the images of the two candles 
from the front surface of the lons during accommodation not only 


A B 


Fig. 541. Diagram of Sanson’ ii 
sire focussed for near objects. 
from the ponterior surface of t 









not, and 18, when they 
oT ana B is the inverted hamge 











approach those from the cornea, but also approach one wuotly 
and become somewhat smaller. (Sinson's mages.) Helmbolta’ 
Phakoscope (fig. 582) is « triangular box with arrangements for 
demonstrating this experiment, 

Mechaniam of accommodation.—The lens having no inherent 
power of coutniction, its changes of outline must be produced by 


some power from without; this power is supplied Ay the ciliary 
muscle. Its action is to draw forwards the choroid, a Dy et 
doing to slacken the tension of the suspensor ory ligament of thas 
lens which ari “The anterior surface of the anaes 

this ligament. The ciliary muscle 


from it. it 
kept flattened by the a 
during accommodation, by diminishing its tension, diminishes to 
4 proportional degree the flattening of which it is the cause. Op 
diminution or cessation of the action of the ciliary 
returns to its form » of the elasticity of the - 
sory ligament (fig. 583). From this it will appear that the eye ts 
usually focussed for distant objects. In_viewing near object 
the ciliary muscle relaxes on withdrawal 
objects, and fixing it on those distant. 
























of the attention from nea 











on. Lv. } THE PHAKOSOOPE. 761 





Range of Distinet Vision. Near-point.—In every eye there is 
a limit to the power of secommodation. If a book be brought 





Pig. s42,—Vhukomcope of Helmbolte. At 8 5° are two priaus, by which Ure light of = 
‘candlo Is concentrated on. the eye of the pexvon experimented with, which is loving 
Hitoagh a hole in the third angle of the box opposite to the window ct is the 
aperture for the exe of the observer, ‘The observer notices three double images, repre- 
sonted by arrows, in fg. <A, reflected from tse eye under examination when the cye ix 
fixed upon » distant object, the ponition of the Unages having been noticed, the oye 
is then made to focus n near object, such ws a reed pushed up at C; the images from 
the anterior surface af the Jens will be observed to move towards each other, in 
consequence of this surface of the lens becoming more convex. 











nearer und nearer to the eye, the type at last becomes indistinct, 
and cannot be brought into focus by any effort of uccommodat 











Diayram representing by dotted lines the alteration tn the shape of the Jens uti 
‘aocommedation for near objects, E. Landolt.) 
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r strong. This, which is termed the near-point, can be 
determined by the following experiment (Scheiner). ‘Two small 
holes are pricked in a card with a pin not more than a twelfth of 
an inch (2 mm.) apart; at any nate their distance from each other 
must not exceed the diameter of the pupil. The card is held close 
in frout of the eye, and a small needle viewed through the pin-holes. 
At a moderate distance it can be clearly focussed, but when 
brought nearer, beyond a certain point, the image appears double 
or at any rate blurred. This point where the needle ceases to 
appear single is the near-point. Its distance from the eye can 
of course be readily measured. It is usually about 5 or 6 inches 
(13 em.). In the accompanying figure (fig. 584) the lens 4 repre- 
sents the eye; ¢f the two pin-holes in the card, mm the retina 
@ represents the position of the needle. When the needle is at a 


















Pig. s84.—Dlagram of experiment to aroertain the minimum distance of distinet vixiun. 





mode distance, the two pencils of light coming from ¢ and y 
are focussed at a single point on the retina nv. If the needle is 
brought nearer than the near-point, the strongest effort of accom- 
modation is not sufficient to focus the two pencils, they meet at a 
point behind the retina. The effect is the same as if the retina 
were shifted forward to mm. Two images Ag. are formed, one 
from each hole. It is interesting to note that when two images 
are produced, the lower one g really appears in the position g, 
while the upper one appears in the position rp. This may be 
readily verified by covering the holes in succession, 

During accommodation two other changes take place in the 
eye 

(1) The eyes converge owing. to the action of the internal rectus 
muscle of each eyeball, 

GY The pupils contruct, 

The contraction of all of the muscles which have to do with 
accommodation, vie. of the ciliary muscle, of the internal recti 
vs, and of the sphincter pupillw is under the control of the. 
parve 


























muse 
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Under this head we may consider the defects known us 
(1) Myopia, (2) Hypermetropia, (3) Astigmatism, (4) Spherical 
Aberration, (5) Chromatic Aberration. 

‘The normal (emmetropic) eye is so adjusted that parullel rays 
are brought exactly to a focus on the retina without any effort of 
accommodation (1, fig. 585). Hence all objects except near ones 
(practically all objects more than twenty feet off) are seen without 
any effort of accommodation ; in other words, the far-point of the 
normal eye is at an infinite distance. In viewing near objects we 
are conscious of the effort (the contraction of the ciliary muscle) 
by which the anterior surface of the lens is rendered more convex, 
and rays which would otherwise be focussed ehind the retina are 
converged upon the retina (see dotted lines 2, fig. 585). 

1. Myopia (short-sight) (4, fig. 585).—This defect is due to an 
abnormal elongation of the eyeball. ‘The retina is too far from 
the lens and consequently parallel rays are focussed in front of 
the retina, and, crossing, form little circles on the retina; thus 
the imagos of distant objects are blurred and indistinct. The eye 
is, ax it were, permanently adjusted for  near-point. Rays from 
a point near the eye are exactly focussed on the retina. But 
those which issue from any object beyond a certain distance (far- 
point) cannot be distinctly focussed. This defect is corrected by 
comcave lasses which cause the rays entering the eye to diverge: 
hence they do not come to a focus so soon, Such glasses of 
course are only needed to give a clear vision of distant objects 
For near objects, except in extreme cases, they are not required. 

2. Hypermetropia (3, fig. 585)—This is the reverse defect. 
The eyeball is too short, Parallel rays are focussed behind the 
retina : an effort of accommodation is required to focus even parallel 
niys on the retina; and when they are divergent, as in viewing. 
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a near object, the accommodation is insufficient to focus them, 
Thus in well-marked cases distant objects require an effort of 
accommodation, and near ones.a very powerful effort, and the ciliary 
muscle ig, therefore, constantly acting. ‘This defect is obviated by 








Fig. 545. —Diagrams showing—1, nurmal (eumetrayic) eye oringing parailel ray" exactly 
‘iva focus on the retina ; 7, harmal ere adapted to 4 neampolat,, without accattenae 
dation the rays would be focussed behind the retine, but by increasing the eurvature 
if the anterior nurface of the lena (ahown bya dotted tine) the rays are focumesl on the 
rvtina (as indleated by the meeting af the two dotted lines}; 4, bgpersetrape eye's fm 
this case the axis of the eye ie shorter than normal; parallel rays are forused bebliod 
the retina; 4, syopic eye; in this case the axis of the eye te aboormally long: 
parallel rays are focused in front of the retinn. . The figure incorrectly repeesente the 
refraction ix cecurring only tn the crystalline Tens; the principal refraction reap 

firm at the anterior surface of the cornim 























the use of conver glasses, which render the pencils of light more 
convergent. Such glasses are of counse expecially necded for near 


by relieving the 








objects, a8 in reading, & They rest the eye 
ciliary muscle from excessive work. 
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3. Astigmation.—This defect, which was first discovered by 
Airy, is due to s greater curvature of the eye in one meridian 
than in others, The eye may be even myopic in one plane and 
hypermetropic in others. Thus vertical and horizontal lines 
crossing each other cannot both be focussed at once ; one set stand. 
out clearly and the others are blurred and indistinet. This defect, 
which is present in a slight degree in all eyes, is generally seated 
in the cornea, but occasionally im the lens as well; it may be 
corrected by the use of eylindrical glasses (i, curved only in 
one direction). 

4- Spherical Aberration.—The rays of a cone of light from 
an object situated at the side of the field of vision do not meot 
all in the same point, owing to their unequal refraction ; for the 
refraction of the rays which pass through the circumference of a 
lens is greater than that of those traversing its central portion, 
This defect is known as spherical aberration, and in the camera, 
telescope, microscope, and other optical instruments, it is remedied 
by the interposition of a screen with « circular aperture in the 
path of the rays of light, cutting off all the marginal raye and 
only allowing the passage of those near the centre. Such correc- 
tion is effected in the eye by the iris, which prevents the rays 
from passing through any part of the refractive apparatus but its 
centre. The posterior surface of the iris is coated with pigment, 
to prevent the passage of mys of light through its substance, 
The image of an object will be most defined and distinct when 
the pupil is narrow, the object at the proper distance for vision, 
and the light abundant; so that, while « sufficient number of 
rays are admitted, the narrowness of the pupil may prevent the 
production of indistinetness of the image by spherical aberration, 

Distinetness of vision is further seoured by the pigment of the 
outer surface of the retina, the posterior surface of the iris and 
the ciliary processes, which absorbs the greater part of light 
that may be reflected within the eye, and prevents its being 
thrown again upon the retina 8o as to interfere with the images 
there formed, 

5- Chromatic Aberration.—tIn the passage of light through an 
ordinary convex lens, decomposition of each ray into its elementary 
colours commonly ensues, and a coloured margin appears around 
the image, owing to the unequal refraction which the elementary 
colonrs undergo. In optical instruments this, which is termed 
chromatic aberration, ix corrected by the use of two or moro 
lenses, differing in shape and density, the second of which 
continues or inereases the refraction of the Tmys produced by 
the first, but by recombining the individual parts of each ray 
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into its original white light, corrects any chromatic aberration 
which may have resulted from the first. It is probable that the 
unequal refractive power of the transparent media in front of the 
retina may be the means by which the eye is enabled to 
against the effect of chromatic aberration. The human eye is 
achromatic, however, only so long a the image is received at its 
focal distance upon the retina, or so long as the eye adapts itself 
to the different distances of sight. If either of these conditions 
be interfered with, a more or less distinct appearance of colours is 
produced. 

From the insufficient adjustment of the image of « small white 
object, it appears surrounded by a sort of halo or fringe. This 
phenomenon is termed Jrraddiation, It is for thix reason that 
white square ona black ground appears larger than a black square 
of the same size on a white ground. 

Defective Accommodation— Presbyopia,—This condition is due 
to the gradual loss of the power of accommodation which ia an 
early sign of advancing years. In consequence the person 
is obliged in reading to hold the book further and further away in 
order to focus the letters, till at last the letters are held too far for 
distinct vision. The defect ia remedied by weak convex glasses. 
It is due chiefly to the gradual increase in density of the lens, 
which is unable to swell out and become convex when near 
objects are looked at, and also to a weakening of the ciliary 
muscle, and & general loss of elasticity in the parts concerned in 
the mechanism. 


Fuxctions or rae Tats. 


The iris has three uses :-— 

r. To act as a diaphragm in order to lessen spherical aberra- 
tion in the manner just described. 

2. To regulate the amount of light entering the eye. In a 
bright light the pupil contracts; in a dim light it enlanges. 
‘This may be perfectly well seen in one’s own iris by looking at 
it in & mirror while one alternately turns a gaslight up and 
down. 

3. By its contraction during accommodation it supports the 
action of the ciliary muscle. 

The muscular fibres (unstriped in mammals, striped in birds) 
of the iris are arranged circularly around the margin of the 
pupil, and radiatingly from its margin. ‘The mdiating fibres are 
best seen in the eyes of binds and otters; some look upon them 
ag elastic in nature, but there is little doubt that they are con- 
tractile. Those who believe they are not contractile explain 
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dilatation fo the pupil as due to inhibition of the circular fibres. 
But if the iris is stimulated near its outer margin at three 
different points simultaneously the pupil assumes a triangular 
shape, the angles of the triangle corresponding to the points 
stimulated ; this must be due to contruction of three strands of 
the radiating muscle; inhibition of the circular fibres would 
occur equally all round. 

The iris is supplied by three seta of nerve-fibres contained in 
the ciliary nerves. 

(a) The third nerve supplies the circular fibres. 

(6) The cervical sympathetic supplies the radiating fibres. 
The cilio-spinal centre which governs them is in the cervical 
region of the cord (see p. 666). 

(c) Fibres of the fifth nerve which are probably sensory, 

The experiments on these nerves are those of section and 
stimulation of the peripheral ends; the usual experiments by 
which the functions of a motor-nerve are discovered. 





Nerve. Rxperiment, Effect on pupil. | 
im. » « +» | Section . | Dilatation. 
Third « . | Stimulation Pars traction, 
Sympathetic . . Section . . _ | Contraction, 
Sympathetic, |. .| Stimulation ©. _| Dilatation. 
| Contraction overcomes 


Both nerves together . | Stimulation ae aiienasteat 





Certain drugs dilate the pupil. These are called mydriatics ; 
atropine is a well-known example. Others cause the pupil to 
contract. These are called myotica ; physostigmine and opium 
(taken internally) are instances. Different myotics and mydriatica 
act in different ways, some exerting their activity on the muscular, 
and others on the nervous structures of the iris. 

Reflex actions of the iris —When the iris contracts under the 
influence of light, the sensory nerve is the optic, and the motor 
the third nerve, The central connection of the two nerves in 
the region of the mid-brain we shall see later on (fig. 598, p. 786). 
‘The iris also contracts on accommodation; and the reflex path 
concerned in this action is a different one from that concerned in 
the light reflex, as this reflex often remains in cases of locomotor 
ataxy, after there is an entire loss of the reflex to light (Argyll- 
Robertson pupil). 

On painful stimulation of any part of the body, there is reflex 
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dilatation of the pupil. This is accompanied by wang of 
eyeballs, due to contraction of the plain meal th 
‘Tenon, which, like the dilatator fibres of the iris, is supplied 
the cervical sympathetic nerve. 

We may sum up the principal conditions under which the Popil 
contmicts and dilates in the following table :-— 


Causes of~ 


Contraction of the Pupil. | Dilatation of the Pupil, 
2: Paralyaise ctrical pathtie,| 2: Stimdlation of the cerviel aymipe- 
2 ‘cervical sympathetic, | 2, Stimulation of tI 
: When the eye is ex] to light. | thetic, 
When secommodation occurs, | 3. Inthe dark. 
Ps Unde the local influence ot| 4. When the accommodation is relaxed, 
| 5+ Under the local influence of atro- 
pine. This also 
m 


the ciliary 
6. In the last stage of aaj 
Fa In deep chloroform narcosis, 
Under the influence of certain 
emotions, such as fear. 
| 9, During pain. 


ine, 
6. Under the tmfuence of opinm, 
7. During sleep. 


There ix a close connection of the centres that govern tho 
activity of the two irides. If one eye is shaded by the hand, its 
pupil will of course dilate, but the pupil of the other eye will 
also dilate. The two pupils always contract or dilate together 
unless the cause is the local injury to the nerves of one side or 
the local action of drugs. 


Fuxcrioxs or tie Ravina. 


The Retina is the nervous coat of the eye; it contains the 
layer of nerve-epithelium (rods and cones) which is capable of 
receiving the stimulus of light, and transforming it into a nervous 
impulse which passes to the brain by the optic nerve. 

The bacillary layer, or layer of rods and cones, is at the 
back of all the other retinal layers, which the light has to pene- 
trate before it can affect this Iayer. The proofe of the statement 
that it is the layer of the retina which is capable of stimulation 
hy light are the following :-— 

(1) The point of eutrance of the optic nerve into the retina 
where the rods and cones are absent, is insensitive to light, and iy 
called the dlind spot. The phenomenon itself is very 
demonstrated. If we direct one eye, the other being 
upon a pomt at such a distance to the side of any object, 


P| 
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that the image of the latter must fall upon the retina at 
the point of entrance of the optic nerve, this image is lost. Tf, 
for example, we close the left eye, and direct the axis of the right 


e + 

eye steadily towands the cireular spot here represented, while the 
page is held at a distance of about six inches from the eye, both 
dot and cross are visible. On gradually increasing the distance 
between the eye and the object, by removing the book farther and 
farther from the face, and still keeping the right eye steadily on 
the dot, it will be found that suddenly the cross disappears from 
view, while on removing the book still farther, it suddenly comes 
in sight again. The cause of this phenomenon is simply that the 
portion of the retina which is occupied by the entrance of the optic 
nerve is quite blind; and therefore when the images of objects 
fall'on it they cease to be visible. By a psychical process the 
blind spot is not normally perceived. 

(2) In the foven centralis and macula lutea which contain rods 
and cones but no optic nerve-fibres, and in which the other layers 
of the retina are thinned dowu to a minimum, light produces 
the greatest effect. In the latter situation, conea occur in large 
numbers, and in the former cones without rods are found, whereas 
in the rest of the retina which is not so sensitive to light, there 
are fewer cones than rods. We may conclude, therefore, that 
cones are even more important to vision thar? rods, 

(3) If a small lighted candle is moved to and fro at the 
side of and close to one eye in a darkened room while the eyes 
look steadily forward on to a dull background, a remarkablo 
branching figure (Purkinje's figures) is seon flonting before the 
eye, consisting of dark lines on a reddish ground, As the candle 
moves, the figure moves in the opposite direction, and from its 
whole appearance there can be no doubt that it is a reversed 
picture of the retinal vessela projected before the eye.* This 
remarkable appearance is due to shadows of the retinal vessels 
cast by the candle; and it is only when they are thrown upon the 
retina in an unusual slanting direction that they are perceived. 
The branches of these vessels are distributed in the nerve-fibre and 
ganglionic layers ; and since the light of the candle falls on the 
retinal vessels from in front, the shadow is cast behind them, and 
hence those elements of the retina which perceive the shadows 
must also lie behind the vessels, Here, then, we have a clear 





* Purkinje’s figures can be much more readily acen by simply looking 
steadily down a microscope, and moving the whole instrument backwards 
and forwards, or from side to side, while «0 doing. 
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that the light-perceiving elements are not the inner, br 
mets the external layers of the retina; further ee 
calculation has shown it is the la Ate of rods and cones. 
data for such a calculation are—the dimensions of the 
the distance of the sereen from the eye, the angle through which 
the candle is moved, and the displacement of the figure seen. 

Duration of Viewal Sensations.—The duration of the 

produced by a luminous impression on the retina is always greater 
than that of the impression which produces it, However 
the luminous impression, the effect on the retina always last 
for about one-eighth of a second, Thus, supposing an object in 
motion, say a horse, to be revealed on a dark night by a flash of 
lightning. The object would be seen apparently for an ares of 


















a second, but it would not appear in motion ; 
the image remained on the retina for this time, it was ! 
revealed for such an extremely short period (a flash of lightning | 
being almost instantancous) that no appreciable movement on 
the part of the object could haye taken place in the period dar- 
ing which it was revealed to the retina of the observer, 
same fact is proved in a reverse way. ‘The spokes of a rapidly 
revolving wheel are not seen as distinct objects, because at every 
point of the field of vision over which the revolving spokes 
pass, a given impression has not faded before another replaces it, 
‘Thus every part of the interior of the wheel appears occupied. 

‘The after-sensations are called after-images. They are of two 
kinds, positive and ti Positive afterimages are those 
which resemble the original image in distribution of light and 
shade, and colour, Negative after-images which occur after 
strong, and especially after prolonged, excitation of the retina, 
are those in which the light parts appear dark, the dark parts 
light, and the coloured parts of the opposite or contrast 
colour. Hence the image of a bright object, as of the panes of 
a window through which the light ia shining, may be peresived in 
the retina for a considerable period, if we have previously kept 
our eyes fixed for some time on it. But the image in this ease is 
negative. If, however, after shutting the eyes for some time, we 
open them and look at an object for on instant, and again close 
them, the after-image is positive. 













The Ophthalmoscope, 


Every one is perfectly familiar with the fact, that it is quite 
impossible to see the fundus or buck of another person's eye by 
simply looking into it. The interior of the eye forms a perfectly 


ai 
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black background.* The same remark applies to an ordinary 
photographic camera, and may be illustrated by the difficult; 
we experience in seeing into a room from the street through 
the window unless the room is lighted within. In the case 
of the eye this fact is partly due to the feebleness of the light 
reflected from the retina, most of it being absorbed by the retinal 
pigment; but far more to the fact that every such ray is 
reflected straight to the source of light (¢g., candle), and cannot, 
therefore, be seen by the unaided eye without intercepting the 
incident light from the candle, as well as the reflected rays 
from the retina, his difficulty is surmounted by the use of the 


Imoscope. 

‘The ophthalmoscope was invented by Helmholta ; as a mirror 
for reflecting the light into the eye, he employed a bundle of 
thin glass plates; this mirror was transparent, and so he was 
able to look through it in the same direction as that of the mys 
of the light it reflected. It is almost impossible to over-estimate 
the boon this instrument has been to mankind ; previous to this 
in the examination of cases of eye disease, the principal evidence 
on which the surgeon had to rely was that derived from the 
patient’s sensations ; now be can look for himself. 

The instrument, however, has been greatly modified since 
Helmholtz’s time; the principal modification being the substitu. 
tion of a concave mirror of silvered glass for the bundle of glass 
plates; this is mounted on a handle, and is perforated in the 
centre by a small hole through which the observer can look. 





The methods of examining the exe with this instrament aro—the direct 
ani the iadirece: both methods of investigation should be employed. A 
drop of a solution of atropine (two grains to the ounce) or of homatrupine 
hydrobromate, should be instilled about twenty minutes before the 
examination is commenced ; the ciliary muscle is thereby paralysed, the 
power of accommodation is abolished, and the pupil is dilated, ‘This will 
materially facilitate the examination } but it is quite possible to observe al! 
the details to be presently described without the uso of such drugs. Tie 
room being now darkened, the observer seats bimsclf in front of the 
person whose eye he is about to examine, placing himself upon a some- 
what higher level. Let us suppose that the right eye of the patient ix 
being examined. A brilliant and steady light is placed close to the left 
ear of the patient, Taking the mirror in his right hand, and looking 
through the central hole, the operator directs a beam of light into the aye 





* In some animals («g.. the cat), the pigment is absent from a portion 
of inal epithelium ; this forma the Tapetum Iucidum. The use of 
th supposed to be to increase the sensitiveness of the retina, the light 
being reflected back through the layer of rods and cones, It is certainly 
the ense that these animals are able to see clearly with less light than we 
can, hence the popular idea that a cat can seo In the dark. In fishes a 
tapetum Iucidum ix often present; here the brightness is increased by 
crystals of guanine. 
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cof the patient. A rod glare, known ns tha rejtew, is toon : 
itlamtnstion of the retlns. "The patient ix told to look 
finger of the observer's right hand as he holds the mirror; to effect this the 
eye is rotated somewhat inwards, and at the same time the reflex — 
from red to a lighter colour, owing to the reflection from the optic disc. 
observer now approximates’ the mirror, and with his eye to the eye of the 
patient, taking care to keep the light fixed ee the pupil, so as not to lose 
the reflex. Ata certain point, which varies with different eyes, but is usually 
reached when thore is an interval of about two or three inches between the 
observed and the observing eye, the weasels of the retina will become visible. 
Examine carefully the fundus of the eye, é., the red surface—until the optic 
disc is soon; trace ita citoular oat 

and observe the small central white spot, 
the porus opticus or payeiolopioal grit 
near the centre is the cent: of 
the retina breaking up upon the diso into 
branches; veins also are present, and 
correspond roughly to the conrse of the 
arteries. ‘Trace the vessels over the dise 
on to the retina. Somewhat to the outer 
side, and only visible after some pme- 
tice, is the yellow spot, with the smuller 
lighter-coloured fovea’ eenéralis in ite 
centre, This constitutes the direct method 
of examination; by it the various details 
of the fundusare seen as they really exist, 
and it is this method which should be 
adopted for ordinary use. 

If the observer is myopic or hypermo- 
tropic, he will be unable to employ the 
direct method of examination until he 
has remedied his defective vision by the 
use of proper ginsees, 

In the indirect method the patient ix 
placed as before, and the operator holds 
the mirror in his right hand at a distance 
of twelve to eighteen inches from the 
patient's righteye, At the same time he 
rests his loft little fingor lightly Spon the 
right temple,and holding a convex lens be- 

en his thamband forefinger,twoorthree 
inches in front of the patient's eye, directs 
the light through the lens into the eye. The 
; red reflex, and subsequently the white 
he ar ‘The oph halarssohe ‘The one, having been gained, the operator 
Then et ret Ghouee slowly moves his mirror, and with it his 
tion. eye, towards or away from the fnee of the 
patient, until the outline of one of the 
retinal vessels becomes visible, when very slight movements on the part of 
the operator will suffice to bring into view the details of the fundus above 
described, but the image will be much smaller and inverted. ‘The appear 
seen are depicted in fig. $72. ‘The lens should be kept fixed at 
of two or three inches, the mirror alone being moved until the dise 
becomes visible : should the image of the mirror, however, obscure the dise, 
the lens may be slightly tilted 

‘The two next figures show diagrammatically the course of the rays of Nght. 

Big: sé7 representa what occors when traployliig the direet ween Mila 

Ppource of light, and M M the concave mirror. with its central aperture, 

Gis reflects the’ rays ; these are focussed by the eye B, which i being 
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Ugh ior tae Lived Shit ball. HT ehh hee her ose int 
ting of the interior of the eyel irom, im 
aaesee the eye eralen boacinagodt paren hs pomeverkh ok 
}; they are brought to a focus p! on the retina as the eye is accommodated 
for pues See ace the point m and » will give rise to images at 
mand x! respectively. 
Fig. 588 rerivarata Goel teaiirs in examining the eye by the indirect method, 





» Shr —Tho cour of the light in examining the the dinict methud. 
Pig. str course oa ele wpe by the met 


8 is the source of light, M M the mirror, E the observed, and E! the 
observing eye as before. The rays of light are reflected from the mirror 
and form an image at ¢!; they then diverge and are again made convergent 
by the lens I held in front of the eye by the observer; by this means a 











Fig, 988.—Tho course af the light in examining the eye by the indirect metho. 
(TG, Mrvdie,) 





image is focussed just behind the crystalline lens of the eye EK. They 
agnin diverge and diffusely ight up the interior of the eyetall. The 
rays of light reflected from two points i and m on the retina diverging 
from the eye are refracted to the glass lens L,and give an inyerted real 
image i! m larger than the object im. These latter rays then diverge, and 
are collected and focussed by the obwerving eye E! to give un image i m? on 
the retina, (T. G, Brodie.) 
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The Perimeter. 


‘This is an instrument for mapping out the field of vision. It 
consists of a graduated are, which can be moved into any position, 
and which when rotated traces out a hollow hemisphere. In 
the centre of this the eye under examination is placed, the other 
eye being closed. The examiner then determines on the surface 
of the hemisphere those points at which the patient just ceases or 
just begins to see a small object moved along the are of the circle. 
‘These points are plotted out on a chart graduated in degrees, and 
by connecting them the outline of the field of vision is obtained. 

Vig. 589 shows one of the forms of perimeter very generally 
employed, and fig. 590 represents one of the charts provided with 
the instrument. The blind spot is shown, and the dotted line 
represents the normal average field of vision for the right eye. 

Tt will be seen that the field of vision is most extensive ou the 
outer side ; it is less on the inner side because of the presence of 
the nose. 

By the use of the same instrument, it is found that the colour 
of a coloured object is not distinguishable at the margin, but only 
towards the centre of the field of vision, but there are differences 
for different colours; thus a blue object is seen over a wider 
ficld than a red, and a red over a wider field than a green object. 

In disease of the optic nerve, contruction of the field of vision for 
white and coloured objects is found. This is often seen before any 
change in the optic nerve is discoverable by the ophthalmoscope. 








Tho Fovea Centralis. 


This is the region of most acute vision ; when we want to see 
an object distinctly we look straight at it. It is also the region 
where the colours of objects are best distinguishable. It is, 
however, stated to be less sensitive from one point of view than 
the zone immediately surrounding it; that is to say, the minimum 
intensity of white light which will cause an impression is some- 
what greater. But with this exception, the sensibility of the 
retina diminishes steadily from centre to circumference. 

The yellow spot of one’s own oye can be rendered evident by 
what is called Clerk-Maxwell’s experiment :—on looking through 
a solution of chrome-alum in a bottle with parallel sides, an oval 
purplish spot is seen in the green colour of the alum. ‘This is 
due to the pigment of the yellow spot. 
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THE PERIMETER. 


on. Ly.) 





180 


Fig. 9yo.—Porlmeter chart for the right eye, 
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Colour Sensations. 


If a ray of sunlight is allowed to pass through a prism, 
it is decomposed by ite passage into rays of different colours, 
which are called the colours of the spectrum; they are red, 
ominge, yellow, green, blue, indigo, and violet. The red rays 
are the loast turned out of their course by the prism, and the 
violet the most, whilst the othor colours occupy in order 
between these two extremes. ‘The differences in the colour of the 
rays depend upon the rapidity of yibrations producing each, the 
red rays being the least rapid and the violet the most. In 
widition to the coloured 
mays of the spectrum, 
there are others which 
are invisible but which 
have definite properties ; 
those to the left of the 
red are less refrangible, 
being the calorific rays 
which act upon the ther 
mometer, and those to the 
right of the violet, which 
are called the actinic or 

Fig. sot-—Oolour triangle, chemical rays, have 
powerful chemical action. 

White light may be built from its constituents either physt- 
cally, a8 by a second prism reversing the dispersion produced by 
the first, or physiologically by causing the colours of the spectrum 
to fall on the retina in rapid succession. ‘The best way to study 
the effects of mixing colour sensations is by means of a rapidly 
revolving dise to which two or more coloured sectors are fixed. Each 
colour is viewed in rapid succession, and owing to the persistence 
of retinal impressions, the two or more constituent, colour in 
sions blond and give a single compound colour. (Maxwell.) 

White light can be produced by the mixture of the three 
primary colours, or even of two colours in certain proportions. 
‘Those pairs of colours, which are roughly red and greenish blue, 
orange and blue, and violet and yellow, are called complementary. 

The colours are not of equal stimulation energy, otherwise they 
might be arranged around @ circle; they are more properly 
arranged in a triangle, with red, green, and violet at the angles 
(fig. 591). The red, green, and violet are selected on the theory 
of Helmholtz that they constitute the three primary colour 
sensations ; other colour sensations are mixtures of these, 
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Thus, the orange and yellow between the red and green are 
mixtures of the red and green sensations; the blue « mixture of 
green and violet ; and the purples (which are not represented in 
the spectrum) of red and violet. 

Join the three angles red, green, and violet, and one gets white 
light ; or join tho blue and orange, which comes to the same 
thing, and one also gets white. 

Blue and orange on Maxwell's disc give white ; but it is well known that 
@ mixture of blue and orange paint gives green ; how can one explain this! 
Frlseadie Naptot eek ke in waters Fae hie DER pick 
plement the blue Tare ony Tet tho: grees and ileh sensations eae 


ie eye, and cat pe, the red 5 low. silos only let the red and. 
bide and cut off the rol pegr Pind violet Being thas cut off the 
green sensation ts the only one which Nock Sie oye. 


The experiments which led Helmholtz and others to the sclec- 
tion of green, red, and violet as the three fundamental colour 
sensations were performed 
in this way ; the eye under- 
goes exhaustion to a colour 
when exposed to it for some 
time ; suppose, for instance, 
thie eye is fatigued for red, 
and is then exposed to a 
pure yellow light, such as 
that given off by the 
sodium flame, the yellow 
then appears greenish ; or 
fatigue the eye for green 





and then expose it to blue, the ei WE the ares ‘to what extent tho 
the blue will have a violet al by tnavtonnot dinersnt mann loceriess 


tint. By the repetition of 
numerous experiments of this kind, it was found that the fatigue 


experienced manifested itself in three colours, reel, wrest ad 
iolet, which ware therefore selected as the thre fandamental 


vi 

bern sensations, It was also found that these three colour 
sensations sould not be _produ ced_hy any combination of other of other 
colour sensations, 


The theory of colour vision constructed on these data was 
originated by Thomas Young, and independently discovered and 
elaborated by Helmholtz, It is consequently known as the 
Young-Helmholtz theory. This theory teaches that there are in the 
retina rods or cones shiek answer to each of these primary colours, 
whereas the innumerable intermediate shades of colour are pro- 
duced by stimulation of the three primary colour terminals in 
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different degrees, the sensation of white being produced when the 
three elements are equally excited. Thus if the retina is stimu- 
lated by rays of certain wave length, at the red end of the 
spectrum, the terminals of the other colours, green and violet, 
are hardly stimulated at all, but the red terminals are strongly 
stimulated, the resulting sensation being red. The orange rays 
excite the red terminals considerably, the green rather more, and 
the violet slightly, the resulting sensation being that of orange, 
and 80 on (fig. 592). 

Another theory of colour vision (Herings s) supposes that there 
are six primary colour sensations, viz :—three paira of antagonistic 
or complemental colours, black and white, red and green, and 
and blue; and that these are produced by the changes either of 
disintegration or of assimilation taking place in certain substances, 
somewhat it may be supposed of the nature of the visual purple, 
which (the theory supposes) exist in the retina. Each of the 
substances corresponding to a pair of colours, is capable of 
undergoing two changes, one of construction and the other of 
disintegration, with the result of producing one or other colour. 
For instance, in the white-black substance, when disin’ 
is in excess of construction or assimilation, the sensat wl 
and when assimilation is in excess of disintegration the 
the case; and similarly with the red-green substance, and with 
the yellow-blue substance. When the repair and disin| i 


ass sgl idk ise fel elation total sean ee 
but in the other pairs when this is the case, no sensation occurs, 

@ rays of the spectrum to the left produce changes in red- 
green substance only, with a resulting sensation of red, whilst the 
(orange) rays further to the right affect both the red-green and 
the yellow-bluo substances ; blue rays cause constructive changes 
in the yellow-blue substances, but none in the red-green and #0 
‘on. These changes produced in the visual substances in the retina 
are perceived by the brain as sensations of colour. 

Neither theory satisfactorily accounts for all the numerous 
complicated problems presented in the physiology of colour vision. 
One of these problems is colowr blindness or Daltonism, a by no 
means uncommon visual defect, One of the commonest forms is 
the inability to distinguish between red and green. Helmholta’s 
explanation of such a condition is, that the elements of the retina 
which receive the impression of red, etc., are absent, or very 
imperfectly developed, and Hering’s would be that the red-green 
substance is absent from the retina, Other varieties of colour 
blindness in which the other colour-perceiving clements are absent 
have been shown to exist occasionally. 
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Hering’s theory appears to meet the difficulty best, for if the 
red element of Helmholtz were absent, the patient ought not to 
be able to perceive white sensations, of which red is a constituent 
part: whereas, according to Hering’s theory, the white-black 
visual substance remains intact. 

The two theories that have just been described may be called 
the classical theories of colour vision, at any rate they are those 
which have been for the longest time before the scientific world. 
As facts have accumulated it has been for some years recognised 
that many such facts could not be reconciled with either theory ; 
and modifications of one or the other theory have been from 
time to time introduced. 

The observations recently made by C.J. Burch are of con- 
siderable importance; the following is a brief account of his 
methods and results, 

He finds that by exposing the eye to bright sunlight in the focus 
of a burning glass behind transparent coloured sereens it is pos- 
sible to produce temporary colour blindness. After red light, the 
observer is for some minutes red-blind, scarlet geraniums look 
black, yellow flowers green, and purple flowers violet. After 
violet light, violet looks black, purple flowers crimson, and green 
folinge richer than usual. After light of other colours, corre- 
sponding effects are produced. If one eye is made purple-blind, 
and the other green-blind, all objects are seen in their natural 
colours, but in exaggerated perspective, due to the difficulty the 
brain experiences in combining the images from the two eyes. 

By using a brightly-illuminated spectrum, and directing the 
eye to certain of its colours, the eye in time becomes fatigued 
and blind for that colour, so that it is no longer seen in the 
spectrum, Thus, after green blindness is induced the red ap- 
pears to meet the blue, and no green is seen. If, however, the 
eye is exposed to yellow light, it docs not similarly become blind 
for yellow only, but for red and green too. This supports the 
Young-Helmholtz theory that the sensation yellow ix one com- 
pounded of the red and green sensations,” By an exhaustive 
examination of the different parts of the spectrum in this way it 
thus becomes possible to differentiate between the primary colour 
sensations and those which are compound. By a study of this 
kind, Barch conclndes that the phenomena of colour vision are in 
necordance with the Young-Helmboltz theory, with the important 
addition that there is « fourth primary colour sensation, namely, 
blue, He could not discover that colour sensations are related 
to each other in the sense indicated by Hering. Each may be 
exhausted without oither weakening or strengthening the others, 
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‘These observations were confirmed by examining, in a similar 
way the colour sensutions of seventy other people, but there are 
individual differences in the extent to which the colour sensations 
overlap, 

Changes in the Retina during activity. 

The method by which a ray of light is able to stimulate the 
endings of the optic nerve in the retina in such a manner that a 
visual sensation is perovived by the cerebrum is not yet under- 
stood. It is supposed that the change effected by the agency 
of the light which falls upon the retina is in fact « chemical 
alteration in the protoplasm, and that this change stimulates 
the optic nerveendings, The discovery of a certain temporary 
reddish-purple pigmentation of the outer limbs of the retinal rods 
in certain animals (¢.9., frogs) which had been killed in the dark, 
forming the so-called rhodopsin or visual purple, appeared likely 
to offer some explanation of the matter, especially as it was also 
found that the pigmentation disappeared when the retina was ex- 
posed to light, and reappeared when the light was removed, and 
also that it underwent distinct changes of colour when other than 
white light was used, It was also found that if the operation 
were performed quickly enough, the blenchod image of a bright 
object (optogram) might be fixed on the retina by soaking the retina 
of an animal which has been killed in the dark, in alum solution. 

The visual purple cannot however be absolutely essential to the 
due production of visual sensations, as it is absent from the retinal 
cones, and from the macula lutea and fovea centralis of the human 
retina, and does not appear to exist at all in the retin of many 
animals, ¢.g., bat, dove, and hen, which are, nevertheless, possessed 
of good vision. 

However the fact remains that light falling upon the retina 
Ueaches the visual purple, aud thix must be considered as one of 
its effects, If it produces chemical changes in other substances, 
these must be colourless and so extremely difficult to discover, 
‘The rhodopsin is derived in some way from the black pigment 
(melanin or fuscin) of the polygonal epithelium of the retina, since 
the colour is not renewed after bleaching if the retina ix detached 
from its pigment layer, Certain pigments, not sensitive to light, 
‘are contained in the inner segments of the cones. These coloured 
bodies are oil globules of various colours, red, green, and yellow, 
called chromophanes, and are found in the retinas of marsupials 
(but-not other mammals), birds, reptiles, and fishes. Practically 
nothing is known about the yellow pigmout of the yellow 

‘Another change produced by the action of the light 








on. wv.) MOVEMENTS OF THE EYEBALL, 781 


upon the retina is the movement of the pigment cells. On being 
stimulated by light the granules of pigment in the cells which 
overlie the outer part of the rod and cone layer of the retinu 
pass down into the processes of the cells, which hang down 
between the rods; these melanin or fuscin ules are generally 
rod-shaped, and look almost like crystals. In addition to this a 
movement of the cones and possibly of the rods ocours, as has 
been already incidentally mentioned; in the light the cones 
shorten and in the dark they lengthen (Bngelmann). 

According to the careful researches of Dewar and MeKendrick, 
and of Holmgren, it appears that the stimulus of light is able 
to produce a variation of the natural electrical currents of the 
retina, The current is at first increased and then diminished ; 
this is the electrical expression of those chemical changes in the 
retina of which we have already spoken. 

‘The electrical variations in the retina under the influence of light have 
boon recently rein’ tol by Waller. The excised eyeball of a frog is 
ted off by non-} le electrodes to a galvanometer, One electrode is 

laced on the front, the other on the of the eye. A current of rest 
(demaretion current) is observed passing J}, the eyeball from front to 

ck. When light falls on the eye this current is increased ; on shutting off 
the light there is » momentary further increase, and then the carrent slowly 
returns back to its previous condition, Waller explains this by supposing 
that anabolic changes in the eye predominate during stimulation by light, 
With the onset of darkness, the katabolic changes cease at once, and the 
anabolic more slowly; hence @ further positive variation, If the eyeball 
bas been excised the day before the observations are mae, or has been 
{ntigued or injured, light produces principally katatotic changes, ns evidenced 
be i agatire variation, A slight positive effect follows when the light is 
shut off. 

Movemenrs ov Ti Erpat., 

Protruston of the eyeballs oceurs (1) when the blood-vessels of 
the orbit are congested ; (2) when contraction of the plain 
muscular fibres of the capsule of Tenon takes place; these are 
innervated by the cervical sympathetic nerve; and (3) in the 
disease called exophthalmie goitre. 

Retraction occurs (1) when the lids are closed forcibly; (2) 
when the blood-vessels of the orbit are comparatively empty ; 
(3) when the fat in the orbit is reduced in quantity, as during 
starvation; and (4) on section or paralysis of the cervical 
sympathetic nerves. 

The most important movements, however, are those produced 
by the six ocular muscles. 


‘The eychall possesses the power of movement around three axes indicated 
in. fig. 593, viz. an antero-posterior, a vertical, and a transverse, pice 
through A centre of rotation a little behind the centre of the optic axis, 
‘The movements are accomplished by pairs of muscles. 
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Direction of movement. 


Inwards. 5, 
Outwards . 


Upwards . 
Downwards 
Inwards and upwards 


Towards and downwards 
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By what muscles scoomplished. 


Internal recta, 
External rectns. 
{ Superior rectus, 
\ Interior oblique, 
{ Inferior rectas 
\ Superior oblique. 
{ Internal and superior rectus. 
\ Inferior oblique. 
f Internal and inferior rectus. 


\ Superior oblique, 

f External and superior reetus. 
\ Inferior oblique. 

f External and inferior rectas, 
\ Soperior obliqne. 


Oatwards and upwards. 





Outwards.and downwards . 


These tnuscles are all supplied by the third nerve except 
the superior oblique which is supplied by the fourth and the 
external rectus by the sixth nerve. The internal rectus ix in 








Fig. 99).—Diagram of the axes of rotation to th 
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part supplied by the sixth nerve of the opposite side, vid the 
posterior longitudinal bundle 
The muse 





os of the two eyes act simultaneously, so that images 
of the objects looked at may fall on corresponding points of the 
bro retin. ‘Tho inner side of one retina corresponds to the 

ir side of the other, so that any movement of one eye inwards 
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must be accompanied by a movement of the other eye outwards. 
Tf one eyeball is forcibly fixed by pressing the finger against it 0 
that it cannot follow the movement of the other, the result is 
double vision (diplopia), because the image of the objects looked 
at will fall on points of the two retinw which do not correspond. 
The same is experienced in a squint, until the brain learns to 
disregard the image from one eye. 

If the external rectus is paralysed, the eye will squint inwards ; 
if this occurs in the right eye the false image will lie on the left 
side of the yellow spot, and appear in the field of vision to the 
right of the true image. If the third nerve is paralysed, the case 
is & more complicated one: owing to the paralysis of the levator 
palpebre superioris, the patient will be unable to raise his upper 
lid ( ptosis), and so in order to nee will walk with his chin in the 
air, If the paralysis is on the right side, the eyeball will squint 
downwards and to the right ; the false image will be formed below 
and to the right of the yellow spot, and the apparent image in 
the field of vision will consequently appear above and to the left 
of the true image, and owing to the squint being an oblique one, 
the false image will slant in a corresponding direction. 





Various Positions of the Eyeballs. 


All the movements of the eyeball take place around the point 
of rotation, which is situated 1°77 mm, behind the centro of the 
visual axis, or 10°9 mm. behind the front of the cornea. 

The three axes around which the movements occur are :— 

1. The visual or antero-posterior axis. 

2. The transverse axis, which connects the points of rotation of 

the two eyes. 

3. The vertical axis, which passes at right angles to the other 
two axes through their point of intersection. 

The line which connects the fixed point in the outer world at 
which the eye ix looking to the point of rotation is called the 
visual line, The plane which passes through the two visual lines 
is called the visual plane. 

The various positions of the eyeballs are designated primary, 
secondary, and tertiary. 

The primary position occurs when both eyes are parallel, the 
visual lines being horizontal (as in looking at the horizon). 

Secondary positions are of two kinds :-— 

(1) The visual lines are parallel but directed cither upwards or 
downwards from the horizontal (as in looking at the sky). 

(2) The yisual lines are horizontal, but converge towards one 
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another (as in looking at a small object near to and immodintely 
on the same level as the eyes). 

Tertiary positions are those in which the visual lines are uot 
horizontal, and converge towards one another (as in looking at 
the tip of the nose). 

It is rary: to conceive positions of the oe in which the 


Fig. 59}.—Identionl points of the retina. 


visual lines divenge from one another ; but such positions de not 
occur in normal vision in tua. 

Both eyes are moved simultancously, even if one of them 
happens to be blind, They are moved so that the object in the 
outer world is focussed on the two yellow spots, or other corre- 
sponding points of the two retina.” The images which do uot 
full on corresponding points are seen double, but these are 

disregarded by the brain, which 


a Ib 8 4 only pays attention to those 
heed ee ) images which full on correspond. 
« J ing points. 
/ The following diagrams will 
r Wi assist us in understanding more 
td fully what is meant by corre 
sponding or identical points of 
Bie. 995 Bia shew tcp the two retine, 

If R and L (fig. 594) repre- 
sent the right and left retinwe respectively, O and O’ the two 
yellow spots are identical; so are A and A’, both being the same 
distance above O and 0’, But the corresponding point to B on 
the inner side of O in the right retina, is B’, a point to the same 
distance on the outer side of O’ in the left retina ; similarly C and 
C’ ave identical, ‘The two blind spots X and X’ are not identical. 
595 shows the same thing in rather a different way ; 
A and B represent « horizontal section through the two retin > 

@ points aa’, bb’, and ce’, being identical. In the lower part 
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of the diagram is shown the way in which the brain combines the 
images in the two retinw, one aa it were overlapping so as to 
coincide with the other. 

The ‘Woropter is the name given to the surface in the 
outer world which contains all the points which fall on the 
identical points of the retin. The shape of the horopter will 
vary with the position of the eyeballs. In the primary position, 
and in the first variety of the secondary position, the visual lines 
are parallel ; hence the horopter will be a plane at infinity, or at 
& great distance. 

In the other variety of the secondary position, and in tertiary 
positions in which the visual lines converge as when looking at a 


n Left Retina Right Retina 
a0 





‘ by NM 
oA Bye naabrene Hemisphere 
: §%.—The Horopter, when the a —Coure of fibres at 
Fi are courage be gi gt Dt 


near object, the horopter is u circle (fig. 96) which passes through 
the nodal points of the two eyes, and through the fixed point ([) in 
the outer world at which the eyes are looking, and which will con- 
sequently fall on the two yellow spots (0, and 0’). All other points in 
this circle (II, IIT) will fall on identical points of the two retinm. 
The image of II will fall on A and A’; of III on B, and B’; it is 
a very simple mathematical problem to prove that OA=0'A‘, 
and OB=0'R'. 

‘This, however, applies to man only, or to animals with both 
eyes in front of the head; in those animals in which the eyes 
are lateral in position, and the visual lines diverge, the problem 
of bilateral vision is a very different one. 


Norvous Paths in the Optic Nerves, 


The correspondence of the two retinm and of the movements 
of the eyeballs is produced by a close connection of the nervous 
EP. oe 
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centres controlling these phenomena, and by the wears: of 
the nerve-fibres in the optic nerves. The crossing of nerve- 
fibres at the optic chiasma is incomplete, and the preceding 
diagram (fig. 597) gives a simple idea of the way the fibres go. 

It will be seen that it is only the fibres from the inner portions 
of the retine that cross; and that those represented by con- 
tinuous lines from the right side of the two retin ultimately 
reach the right hemisphere, and those represented by interrupted 





Hig, 598.—Relations of nerve cells and fibres of winual apparatus (After Schitfer.) 


lines from the left side of the two retinw ultimately reach the 
left hemisphere. The two halves of the retinw are not, however, 
separated by a hard-and-fast line from one another ; this is repre- 
sented by the two halves being depicted as slightly overlapping, 
and this comes to the same thing as saying that the central 
region of each retina is represented in each hemisphere. The 
fibres (represented by finely dotted lines in the diagram) conneet- 
ing the two retine and the two hemispheres are problematical. 

The part of the hémisphere concerned in vision ia the occipital 
and the reader should turn back to our previous considera- 
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tion of this subject in connection with cerebral localisation, the 
phenomena of hemianopsia (p. 678), and the conjugate deviation 
of head and eyes (pp. 679, 682). 

Fig. 598, though diagrammatic, will assist the reader in more 
fully comprehending the paths of visual impulses, and the central 
connections of the nerves and nerve-centres concerned in the 
process. The fibres to the lateral geniculate body end there by 
arborising around its cells, and a fresh relay of fibres from these 
cells passes to the cortex of the occipital lobe. Those to the ante- 
rior corpus quadrigeminum are continued on by a fresh relay to 
the nucleus of the third nerve, the cells of which are also sur- 
rounded by arborisations of the axis cylinder processes of the 
cortical cells. 

Visual Judgments. 


‘The psychical or mental processes which constitute the visual 
sensation proper have been studied to a far greater degree than 
is possible in connection with other forms of sensation. 

We have already seen that in spite of the revérsion of the 
image in the retina, the mind sees objects in their proper posi- 
tion, the sense of sight being here educated in great measure by 
that of touch. 

We are also not conscious of the blind spot, This is partly 
due to the fact that those images which fall on the blind spot of 
one eye are not focussed there in the other eye. But even when 
one looks at objects with one eye, there is no blank, the area 
corresponding to the blind spot being closed up by a mental process. 

Our estimate of the size of various objecta is based partly 
on the visual angle under which they are seen, but much 
more on the estimate we form of their distance, Thus a 
lofty mountain many miles off may be seen under the same 
visual angle as a smal! hill near at hand, but we infer that 
the former is much the larger object because we know it is much 
further off than the hill. Our estimate of distance is often erro- 
neous, and consequently the estimate of size also. Thus persons 
seen walking on the top of a small hill against a clear twilight 
sky appear unusually large, because we over-estimate their dis- 
tance, and for similar reasons most objects in a fog appear 
immensely magnified. The same mental process gives rise to the 
iden of depth in the field of vision ; this idea is fixed in our 
mind principally by the ciroumstance that, as we ourselves move 
forwards, different images in succession become depicted on our 
retina, so that we seem to pass between these images, which to the 
mind is the same thing as passing between the objects themselves, 

ana 
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‘The action of the sense of vision in relation to external objects 
is, therefore, quite different from that of the sense of touch. The 
objects of the latter sense are immediately present to it; and our 
own body, with which they come in contact, is the measure of 
their size, The part of a table touched by the hand appears as 
large as the part of the hand receiving an impression from it, for 
the part of our body in which a sensation is excited, is here the 
measure by which we judge of the magnitude of the object. In 
the sense of vision, on the contrary, the images of objects are 
mere fractions of the objects themselves, realised upon the retina, 
the extent of which remains constantly the same, Bav the 
imagination, which analyses the sensations of vision, invests the 
images of objects, together with the whole field of vision in the 
retina, with very varying dimensions; the relative size of the 
image in proportion to the whole field of vision, or of the affected 
parts of the retina to the whole retina, alone remains unaltered. 





Fig. 57.—Dingrams to illustrate how a judgment of » figure of three dimensions is obtained 


The estimation of the form of bodies by sight is the result 
partly of the mere sensation, and partly of the association of 
ideas, Since the form of the imagos perceived by the retina 
depends wholly on the outline of the part of the retina affected, 
the sensation alone is adequate to the distinction of superficial 
forms from cach other, as of a square from « circle, Bat 
the idea of « solid body like a sphere, or a cube, can only be 
attained by the action of the mind constructing it from the 
different superficial images seen in different positions of the eye 
with regurd to the object, and, as shown by Wheatstone and 
illustrated in the stereoscope, from two different perspective pro- 
jections of the body being presented simultaneously to the mind 
by the two eyes. Hence, when, in adult age, sight is suddenly 
restored to persons blind from infancy, all objects in the field of 
vision appear at first as if painted flat on one surface; and no 
idea of solidity is formed until after long exercise of the sense of 
vision combined with that of touch. 

Thus, if a cube is held at a moderate distance before the 
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eyes, and viewed with each eye successively while the head is 
ip prety wey, « 599) will be the picture presented 
to the right eye, and = that seen by the left eye Wheat- 
stone has shown that on this circumstance depends in a great 
measure our conviction of the solidity of an object, or of its 
projection in relief. If different perspective drawings of « solid 


il 


Pig. 600.—Diagram to illustrate visual iltusions, 


A 





body, one representing the image seen by the right eye, the 
other that seen by the left (for example, the drawing of a cube, 
4, B, fig. 599) be presented to corresponding parts of the.two 
retine, as may be readily done by means of the stereoscope, the 
mind will perceive not merely a single representation of the 
object, but a body projecting in relief, the exact counterpart of 
that from which the drawings were made, 








Pig. 6or.—Parallel puzale. 


By transposing two stereoscopic pictures a reverse effect is 
produced ; the elevated parts appear to be depressed, and wice 
versd. An instrument contrived with this purpose is termed a 
pseudoscope. Viewed with this instrument a bust appears as a 
hollow mask, and as may readily be imagined the effect is most 
bewildering. 

‘The clearness with which an object is perceived irrespective of 
accommodation, would appear to depend largely on the number 
of rods and cones which its retinal image covers. Hence the 
nearer an object is to the eye (within moderate limits) the more 
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clearly are all its details seen. Moreover, if we want carefully to 
examine any object, we always direct the eyes straight to it, so 
that its image shall fall on the yellow spot where an image of a 
given area will cover a larger number of cones than anywhere else 
in the retina. It has been found that the images of two points 
must be at least 3 » apart on the yellow spot in order to 
be distinguished separately ; if the images are nearer together, 
the points appear as one. The diameter of each cone in this part 
of the retina is about 3 y. 

Visual judgments are not always correct; there are a. large 
number of puzzles and toys which depend on visual illusions. 
Two of the best. known are represented in the preceding diagrams, 

In fig. 600, 4, 8, andko are of the same size; but a looks taller 
than », while ¢ appears to cover « less area than either. 

In fig. 601, the horizontal lines are parallel, though they do 
not appear so, owing to the mind being distracted by the inter 
crossing lines. 


CHAPTER LYL 3 
TROPHIC NERVES, 


Nenys exercise a trophic or nutritive influence over the tissnes 
and organs they supply. The chemical changes that occur during 
the nutrition of a living cell may be summed up in the word 
metabolism ; and this includes two kinds of changes ; anabolic 
phenomena, that is the processes of building up protoplasm from 
food material ; and katabolic phenomena, those in which there is a 
breaking down of protoplasm, and a consequent formation of 
simpler waste products, 

Some nerves increase the building-up stage of motaboliam ; 
these are termed anabolic. Such a nerve is the vagus in reference 
to the heart ; when it is stimulated the heart beats more slowly 
or may stop, and is thus enabled to rest and repair its waste, 
‘The opposite kind of nerves (katabolic) are those which lead to 
increase of work and #o increased wear and tear and formation of 
waste products. Such a nerve in reference to the heart is the 
xympathotic. 

There has been considerable diversity of opinion as to whether 
trophic nerve-fibres are a distinct anatomical set of nerve-fibres, 
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or whether all nerves in addition to their other functions 
& trophic influence. 

When a nerve going to an organ is cut, the wasting of the 
nerve itself beyond the cut constitutes what we have learnt to call 
Wallerian degeneration, but the wasting process continues beyond 
the nerve; the muscles it supplies waste also, and waste much 
more rapidly than can be explained by simple disuse. The same 
ja seen in the testicle after section of the spermatic cord ; and 
in the disease of joints called Charcot’s disease, the trophic 
changes are to be explained by disease of the nerves supplying 
them. 

From these, and numerous other instances that might be given, 
there is no question that nerves do exert a trophic influence ; 
the question, however, whether this is due to special nerve-fibres 
has been chiefly worked out in connection with the fifth cranial 
nerve, 

After the division of this nerve there is loss of sensation in the 
corresponding side of the fuce: the cornea in two or three days 
begins to get opaque, and this is followed by a slow inflammatory 
process which may lead to a destruction not only of the cornea, 
but of the whole eyeball. The same is seen in man; when the 
fifth nerve is diseased or preesed upon by a tumour beyond the 
Gasserian ganglion the result is loss of sensation in the face 
and conjunctiva, an eruption (herpes) appears on the face, and 
ulceration of the cornea leading in time to disintegration of the 
eyeball may occur too. In disease of the spinal ganglia there is 
a similar herpetic eruption on the skin (shingles). 

Tn the case of the fifth nerve the evidence that there are 
special nerve fibres to which these trophic changes are due, is an 
experiment by Meissner and Buttner, who found that division of 
the most internal fibres is most potent in producing them. 

Those, however, who do not believe in special trophic nerves, 
attribute the changes in the eyeball to its loss of sensation. 
Dust, otc, is not felt by the cornea, it is therefore allowed to 
accumulate and set up inflammation. This is supported by the 
fuct that if the eyeball is protected by sewing the eyelids together 
the trophic results do not ensue. On the other hand, in paralysis 
of the seventh nerve, the eyeball is much more exposed, and yet 
no trophic disorders follow. 

Others have attributed the change to increased vascularity due 
to disordered vaso-motor changes ; but this is negatived by the 
fact that in disease of the cervical sympathetic, the disordered 
vaso-motor phenomena which ensue do not lead to the disorders 
of nutrition we have described, 
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‘There can, therefore, be but little doubt that we have to deal 
with the trophic influence of nerves ;* but the dust, ete., which 
{alla on the cornea must be regarded as the exciting cause of the 
ulceration, The division or disease of the nerve acts as the 
predisposing cause, The cyoball is more than usually prone to 
undergo inflammatory changes, with very small provocation. 

‘The same explanation holds in the case of the influence of the 
yagi on the lungs. If both these nerves are divided, the animal 
weually dies within a week or « fortnight from a form of 
pneumonia called vagus ymeumonia, in which gangrene of the 
lung substance is a marked characteristic. Here the 
cause is the division of the trophic fibres in the pneumogastric 
nerves; the exciting cause is the entrance of particles of food 
into the air passages, which on account of the lose of sensation 
in the larynx and neighbouring parts are not coughed up. 
Another trophic disturbance that follows division of the vagi is 
fatty degeneration of the heart. 

We shall conclude by giving one more instance of trophic 
disturbance due to nervous disease, and this is the case of bed- 
sores, Many bedsores are due to prolonged confinement in bed 
with bad nursing; these are of slow onset. But there ix one 
class of bed-sores which are acute; these are especially met with 
in cases of paralysis, due to disease of the spinal cord; they 
come on in three or four days after the onset of the paralysis in 
spite of the most careful attention ; they cannot be explained by 
vaso-motor disturbance, nor by logs of sensation; there is, in 
fact, no doubt they are of trophic origin ; the nutrition of the 
skin is so greatly impaired that the mere contact of it with the 
bed for a few days is sufficient to act as the exciting cause of 
the sore, 


CHAPTER LVI. 
THE REPRODUCTIVE ORGANS, 


‘Tux reproductive organs consist in the male of the two testes 
which produce spermatozoa, and the ducts which lead from them, 
and in the female of the two ovaries which produce ova, the 
Fallopian tubes or oviducts, the uterus, and the vagina. 





* The proof, however, that there are distinct nerve-fibres anatomically is 
not very conclusive. 
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Mate Oncans. 

Tho testis is enclosed in  scrous membrane called the tunica 
vaginalis, originally a part of the peritoneum, When the testis 
descends into the scrotum it carries with it, 
this part of the peritoneum, which then gets 
entirely cut off from the remainder of that 
serous membrane, There are, however, many 








Pig. 604.—From a seetion of the teatis of dog, showing 
‘seminal epithellal cell, and numerous calle 
or spermatoblaste oonverted into xpermatozon ; (, 
development, (IKlein.) 


animals in which the testes remain permanently in the abdomen, 
The external covering of the testicle itself is a strong fibrous 
capsule, called, on aceount of its white appearance, the tuniea 
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allugines. Passing from its inner surface are a number of septa 
or trabeculw, which divide the organ imperfectly into lobules. On 
the posterior aspect of the organ the capsule is greatly thickened, 
and forme « mags of fibrous tissue called the Corpus Highmorianum 
(body of Highmore) or mediastinum testis. Attached to this is a much 
convoluted tube, which forms a mass called the epididymis. This 
receives the ducts of the testis, and is prolonged intoa thick walled 
‘tube, the vas deferens, by which the semen passes to the urethra. 

‘The testis is itself composed of convoluted tubes, Each of these 





tise. (Bchofteld.) 


commences near the tunica albuginea, and terminates after join- 
ing with others in a straight tubule, which passes into the body of 
Highmore, where it forms a network (rete testis) by communicating 
by branches with those of other straight tubules. From the rete 
about twenty efferent ducts (vasa efferentia) arise, which become 
convoluted to form the cont vasculosi, and then pass into the tube 
of the epididymis. 

The convoluted or seminiferous tubules have the following 
structure ; each is formed externally of a thick basement mem- 
brane, consisting of several layers of flattened cells, Next comes 
the fining epithelium of clear cubical cells, » few of which show 
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karyokinetic figures in their nuclei, indicating they are about to 
divide. Some of these cells are longer than the rest, and project: 
into the cavity of the tube, where they form a connection with 
groups of developing spermatozoa. They are called sustentacular 
cells. 


Next to the lining epithelium is a zone of larger cells, two or 
three deep. These are called spermatogenic cella; the nuclei 
of nearly all of these show karyokinetic figures. Most internal 
of all are a large number of small cells with cireular nuclei, They 
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Fig, 6o6.—Dinsection of the base of the bladder and prostate gland, showing the weaiculm 
seminales and vasa deferentia, ¢, lower #urfnce of the bladder at the place of re= 
flexion of the peritoneum ; 3, the part abaye covered ty the : 
de act ; the ves 





are called spermatoblasts. In other tubules the spermatoblasts 
may be seen in various stages developing into spermatozoa ; they 
become elongated ; their nucleus is at one end, and from the 
other # tail-like process grows; groups of the young spermatozoa 
apply their heads to the sustentacular cells, from which they 
derive nutriment ; their tails project into the lumen ; they even- 
tually become free. 

‘The straight tubules consist of baxement membrane and lining 
cubical epithelium only. 

The interstitial connective tissue of the testis is loose, and 
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contains numerous lymphatic clefts. Lying in it accompanying 
the blood-vessels are strands of polyhedral epithelial cells, of a 
yellowish colour (interstitial cefls), 

‘The tuhules of the rete testis are lined by cubical epitheliam ; 
the basement membrane is absent, 

‘The vase efferentia, coni vasculosi, and epididymis are lined by 
columnar cells, with very long cilia. There is a good deal of 
muscular tistue in their walls. 

‘The eas deferens consists of m muscular wall (outer layer longi 
tudinal, middle circular, inner longitudinal), lined by a mucous 
membrane, the inner surface of which is covered by columnar 
epithelium. 

The vesicule: seminales are outgrowths of the vas deferens. 





Fie. 4o7 —Brectile tame of the human Denis, throus trabecule with thats anlinay 
capillaries 2, section of tho renounainuses , muscular tiawue, (Cada 


Each is « much convoluted, branched, and sacculated tube of 
structure similar to that of the yas deferens, except that the wall 
is thinner, 

The penis is composed of cavernous tissue covered by skin. 
The cavernous tissue is collected into three tracts, the two corpora 
cavernosa and the corpus spongiosum in the middle live inferiorly. 
All these are enclosed in a capsule of fibrous and plain muscular 
tissue; the septa which are continued in from these, form the 
boundaries of the cavernous venous spaces of the tissue. The 
arteries run in the septa; the capillaries open into the venous 
spaces. The arteries are often called Aelicine, ws in injected 
specimens they form twisted loops projecting into the cavernous 
spaces (see also p, 280), The structure of the urethra and 
prostate is described on p. 537- 
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Tho Spermatozoa, suspended in a richly albuminous fluid, 
constitute the semen, Each spermatozoon is composed of three 
parts, a howd, « middle part, and a tail, The head varies in shape 
in different animals, but in man it is oval, and pointed anteriorly. 
‘The middle piece is short and cylindrical, with a spiral fibro pass- 
ing round it. The tail is long, tapering, and vibratile ; its action 
resembles that of a cilium, and gives to the spermatozoon its power 
of locomotion. ‘The end piece of the tail is described by Retains 


+ Goth, Sipormattic filam 
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a8 distinct from the rest, and in some animals is divided into two 
or three fibrils. 

In some animals (newts, salamanders, &c.) a fine filament or 
membranous expansion is attached to the tail in a spiral manner 
(fig. 609). A similar appearance has been described by some 
observers in maunmalian spermatozoa. 

‘The spermatozoa are formed from the stoall spermatoblasts of 
the third or innermost layer of the seminiferous tubules; these 
originate from the spermatogenic cells of the second layer, and 
these from the lining cubical epithelium. When a lining cell 
divides into two, one becomes a spermatogenic cell, the other 
becomes elongated to form a sustentacular cell, 

In the conversion of a spermatoblast into a spermatoxoon, the 
nucleus forms the head; the tail develops as a fine filament 
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within the protoplasm, from which it subsequently grows out; it 
is connected to the nucleus from the first. The greater part of 
the protoplasm drops off (seminal grawules); the remainder forms 
the middle piece of the spermatozoon, and coutains an attraction 
sphere. 


Femace Oraans, 


The Ovary is 4 solid organ composed of fibrous tissue (strom), 
containing near its attachment to the broad ligament « number of 
plain muscular fibres. It is covered with a layer of short columnar 





Fig. 610, snmatio view of the uterus and its 9 fos ween from behind. ‘The 
perth part of the Yapioa have been Maid. opoa by removing the posterior 


veail;” tho Palfepian tube, round 1 ligament have been cut short, 
Ind th brond lygament removed on the left side: the upper part ofthe eruae 
ite the os intern shape ‘the uterine cavity ix 


tho th data the cervical ‘cavity with, th termnod arbor vite 
howa, asi the on of the cary cavity with tho 5 Bs 
the raging od, Fallopien tube or oviduct; ‘the communication 
‘on eal 


of Ts cat Meith that of the'eotauaP the ute 
igus ‘of tho ovary: , Ovary 
fies + fly (teafeatoriied exteeaty 5 Poy parr 


1d connected with the broad fijniment, 





cells (germinal epithelium), which muy be seen, especially in young: 
animals, dipping down into the stroma. The interstitial connective 
tissue contains a number of epithelial polyhedral yellow cells, 
like the interstitial cells of the testis. 

When cut across, the surface part of the stroma is seen to be 
crowded with a number of rounded cells (primitive ova or 
ovigerms), and vesicles of different sizes are also visible. These 
are called the Giraafian follicles. The smallest are near the sur 
face of the organ ; the larger ores are deeper, though they extend 
to the surface as they grow. 

A Graaflan follicle has a proper wall formed frou: the stronsa 5 
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it contains within it an ovum formed from one of the primitive ova, 





Fig. 612,—Section of the ovary of «cat. A, germinal epithelium ; B, immature Gnaatian 
follicle ; C, stroma of ovary ; D, vitalline membrane containing the ovam ; B, Gruafan 
follicle showing lining clin; ¥, follicle from which the ovum has fallen out, (¥. 1, 

) 


and it islined by epithelium. At first there is simply one layer of 
opithelium cells ; this lines the follicle aud covers the ovvm ; later 
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there are two layers, one lining the follicle, and the other covering 
the ovum, but the two are close together. A viscid fluid collects 
between the two layers, and as the follicle increases in size 
separates them. 

The cells in each layer multiply, so that they are arranged in 
several strata, ‘The lining epithelium of the follicle is then 
called the membrana granulosa, and the heaped mass of cells 
around the ovum, the diseus proligerus. The fluid increases in 
quantity, the follicle becomes tenser and tenser, and finally it 
reaches the surface of the organ and bursts; the ovum is thus 
set frve, and is seized by the fringed ends of the Fallopian tube 
and thence passes to the uterus. 

The bursting of a Graafian follicle usually occurs about the 
time of menstruation. 

After the bursting of a Graafian follicle, it is filled up with 
what is known a8 a corpus lutewn. This is derived from the wall 
of the follicle, and consists of columns of yellow cells developed 
from the yellow interstitial cells previously mentioned ; it con- 
tains a blood clot in its centre. ‘These cella multiply, and their 
strands get folded and converge to a central strand of connective 
tissue ; between the columns there are septa of connective tissue 
with blood-vessels. The corpus luteum after a time gradually 
disappears; but if pregnancy supervenes it becomes larger and 
more persistent, (see fig. 613). 

The following table gives the chief facts in the life history of 
the ordinary corpus luteum of menstruation, compared with that 
of pregnancy :— 





Corpus Luteum of Men- Corpus Luteum of Preg- 


struation. nancy. 
Ab the endl of | Three-quartersof an inch in diameter; central clot reddish ; 
three weeks.) convoluted wall pale, 
One month . Smaller; convoluted | Larger; convoluted wall bright 
wall bright yellow ; | yellow; clot still reddish, 


clot still reddish, 

Two months. Beducod to the condi- | Seven-cighths of an inch in dia- 
tion of insignifi- | moter; convoluted wall bright 
cant cieatriz, yellow; clot perfectly de- 

colorinedt, 

Siw months . Absent. Still as lange as at end of second 
month ; clot fibrinows ; convo 
luted wall paler, 

Nine months, | One half an inch in diameter ; 
central clot converted into « 
radiating cicatrix; theexternal 
wall tolorably thick and eon 
roluted, but withoutany bright 
yellow colomr. 
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Some of the Graufian follicles Atte ee they attain a | 
certain degree of maturity, then atrophy and 
An ovum is « large spheroidal cell caeea by a trans: 





Pig. 015.—Germinal pie sm the surface of the owery it a8 pe luck. 4, 
a tines anger ovoblase, (Oda = 


parent striated membrane called the witelline membrane, or zona 

pellucida. The protoplasm is filled with large fatty and albu- 

minous granules (yolk spherules), except in the part aronnd the 

uucleus, which is comparatively free from these granules, It 
KM ar 
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contains a nucleus which has the usual structure of nuclei; there 
is generally one very well-marked nucleolus. The nucleus and 
nucleolus are still often called by their old names, germinal vesicle 
and germinal apot respectively. Au attraction sphere, not shown 
in the figure, is also present. 

The ova and the epithelium of the Graafin follicles are 
developed from the germinal epithelium which in the em! 
forms « thick layer over the ovary; cords of these cells, solid in 
some animals, tubular in others, grow down into the stroma, and 
in time these are broken up into nests by ingrowths of the stroma. 
Each nest represents a primitive Graafan follicle. In this, ove 





ig. 61 Section of th tning membrane of s human otra at the peo of coamencin 
ying the arrangement lands, ds 
Tick orien, oy aa, on the internal surface of Use organ. ‘Twice the natural cise, 


cell in particular becomes enlarged to form the ovum; the 
remainder form the epithelium of the follicle. 

The Fallopian tubes have exterually a serous coat derived 
from the peritoneum, then a muscular coat (longitudinal fibres 
outside, circular inside), and most internally a very vascular 
mucous membrane thrown into longitudinal folds, and covered 
with ciliated epithelium. 

The uterus consists of the same three layers, The muscular 
coat is, however, very thick and is made up of two strata imper- 
fectly separated by connective tissue and blood-vessela. Of these 
the thinner outer division is the true muscular coat, the fibres of 
which are arninged partly longitudinally, partly circularly. ‘The 
inner division is very thick ; its fibres run chietly im a circular diree- 
tion ; the extremitiés of the uterine glands extend into its internal 
surface. It is in fact a much hypertrophied muscularis mucosiw, 

The mucous membrane is thick, and consists of a corium of soft 
connective tissue, lined with ciliated epithelium ; this is continued 
down into long tubular glands which have as a rule a convoluted 
course. In the cervix the glands are shorter. Near the ox 
uteri the epithelium becomes stratified ; stratified epithelium also 
lines the vagina, 
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At each menstraal period the uterus becomes congested, and 
some of the blood-vessels of the mucous membrane are ruptured ; 
the blood, together with the secretion of the glands and some 
epithelial détrie from the surface, constitutes the menstrual flow, 
which usually lasts two or three days. ‘The amount of destruction 
of the surface epithelium is not, however, « marked phenomenon ; 
still less is there any disintegration of the deeper parts of the 
mucous membrane. 

For a description of the mammary glands see p. 460. 





CHAPTER LYIIL. 
DEVELOPMENT, 


Tux description of the origin and formation of the tissues and 
organs constitutes the portion of biological science known as 
embryology. This subject is a lange one, and many books are 
written which have for their exclusive object its elucidation, All 
one can possibly attempt in a physiological text-book is the 
merest outline of the principal facts of development. 

In our descriptions throughout we shall endeavour to speak of 
the development of the mammal principally ; it will not, be 
possible to do so altogether, for many of the facts which aro 
believed to be true of the mammal (man included) have only been 
actually geeu in the lower animals. ‘That they occur in the 
higher animals is 4 matter of inference. 

It will, however, add interest to the subject to draw some of 
our descriptions from the lower animals; for the scientific dis- 
cussion of embryology must always start from a wide survey of 
the whole animal kingdom. Without entering into any argu- 
ments in relation to the Darwinian theory of evolution, it will be 
sufficient to state in general terms that the series of changes which 
occur in the embryological history of the highest animals, form s 
compressed picture of the changes which have taken place in their 
historical development from lower types. 





The Ovum, 


The human ovum is like that of other mammals, a small 
spherical body about yby tO ate inch in diameter; it is an 
organised animal cell consisting of 4 mass of protoplasm onclasing 
a nucleus and attraction sphere, The protoplasm, however, also 

Se2 
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contains a granular material, vitelline or yolk substance which 
nourishes the protoplasmic part. The way in which ova are 
formed in the ovary is described in the chapter preceding this. 

Tn many animals, as in birds, most of the changes from ovum to 
adult take place, not within the body of the parent, but outside of 
it. The exg can therefore derive no nutriment from the mother ; 
and, as one would expect, the yolk substance is much more 
abundant. It is due to this fact that the eggs of birds, reptiles, 
and fishes are so much larger than the mammalian ovam. Each, 
however, is still essentially a single cell, much bulged by yolk 
material. The yellow part of the hen's egg which is alone com- 
parable to the mammalian ovum has upon it a whitish speck or 
cicatricula about } inch in diameter; in this the nucleus or 
germinal vesicle is imbedded ; it is here and in the surrounding 
protoplasm that cell division and growth goes on, the rost of the 
yolk serving to nourish this part. 

Ova in which the whole cell takes part in cell division are 
called Aoloblastic ; but those like the hen’s egg, in which only a 
part, the cicatricula just alluded to, divides and subdivides, are 
termed meroblastic. There are, however, gradations between the 
two extremes. 

‘The structure of the mammalian ovum has already been given 
(p. 801). The surrounding zona pellucida is perforated, at any 
rate in some animals, by a small hole called the micropyle, which 
enables a spermatozoon to enter. Some observers have deseribed 
a second more delicate membrane within the zona pellucida. 


Changes in the Ovum previous to Fecundation. 

‘The most important change is the disappearance of the greater 
part of the nucleus ; simultaneously with this two particles called 
the polar or directing globules appear on the surface of the ovum, 
between it and the zona pellucida, 

The relation between these two phenomena, and many of the 
facts relating to the impregnation of, and early changes in the 
ovum were first made out by Oscar Hertwig, and Ed. vy, Beneden, 
in the ova of sea-urchins and other echinoderms; they have 
been verified in many of the higher animals; and, though they 
have never been actually seen in the human ovum, there is 
practically no doubt that they occur there too, 

Tn the case of the seaurchin, the problem ix a comparatively 
easy one to study. Sea-water containing the elements of each 
sex can be obtained, the changes watched, and finally the two 
specimens can be mixed and impregnation observed, 

Tn the ovum, the nucleus travels to the surface of the ovum, 
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loses its investing membrane, and undergoes the changes associated 
with karyokineris. In some cases, however, the chromosomes do 
not undergo longitudinal splitting, but divide into two equal 
xroups which form the bases of the two now nuclei. The spindle 
lies at first horizontally under the outer circumference of the cell, 
At each end of the spindle an attraction sphere is situated; the 
granules of the protoplasm take a radial arrangement around the 
two attraction spheres. The spindle then becomes vertical, and 
the nucleus divides into two; the upper daughter nucleus with a 
thin investment of protoplasm is extruded from the body of the 
cell, The other daughter nucleus remains within the ovum ; it 
does not return to the resting stage, but proceeds at once to 
repeat the process, and a second polar globule is extruded, so 
that only a quarter of the original nucleus remains within the 
ovum ; this is then called the female pronweleus, and it travels 
towards the centre of the ovum. ‘The first polar globule often 
divides into two after it is extruded. 

Simultaneously the ovum shrinks, not only from the loss of the 
polar globules; but also from a shedding out of liquid which 
collects between the ovum and the zona pellucida and is called 
the perivitelline fluid, In this, later on, spermatozoa which have 
penetrated the zona pellucida, may be seen swimming. 


Impregnation. 

We now have a somewhat shrunken ovam possessing a female 
pronucleus, Impregnation or fertilization consista in the embed- 
ding of the head (nucleus) and middle portion of one spermatozoon 
in the protoplasm of the ovum; the tail is lost, and the male 
attraction sphere originally contained in the middle piece of the 
spermatozoon has around it the same star-like arrangement of the 
protoplasmic granules of the ovum which we described around 
the female attraction sphere. The head of the spermatozoon 
is now called the male pronucleus ; it travels to the female pro- 
nucleus, and in some animals may for a time leave a distinct 
channel marking its pathway. Having reached the female pro- 
nucleus, it fases with it and forms an ordinary nucleus, The 
whole cell so produced is then often called the blastosphere. 

A great deal of discussion has taken place as to the meaning 
of the discharge of the polar globules, Fertilization consists in 
bringing to the ovum of a certain amount of germinal plasma 
from another individual or male, and Weismann assumes that it 
ig necessary that the ovum, prior to development, should get rid 
both of its old histogenetic plasma, and of so much germinal 
plasma (ie. matter endowed with heredity) as may be brought to 








806 DEVELOPMENT. (cm. avn, 


it by the spermatozoon. ‘This is offected by the extrusion of the 
two polar globules. The second polar globule ix the one which 
containk the germinal plasma, or the hereditary male element. 
In those animals which can reproduce their species for many 
generations without the intervention of a fresh male (partheno- 
genesis), the second polar globule is not extruded. 

Fig. 617 represents a fertilized ovum, and if its appearance is 
compared with that of the ovarian ovum (fig. 614), there is not 
much anatomical distinction to be noticed between the two, The 
fertilized ovum is rather smaller, as it has discharged the polar 
lobules and the perivitelline fluid, and its nucleus is composed of 
male and female elements ; but great indeed is the physiological 
difference between the two, for the fertilized ovam now is a new 
individual, though in a’ very rudimentary condition, ‘These 
processes all take 
place in the Fi 
tube of the mammal 
as the ovum travels 
towards the uterus, 
and then the process 
of segmentation oF 
cell division begins. 
Thero is no doubt 
that the important 
hereditary substance 
is contained in the 

Pig. 647.—The fertitized orum, or biaxtoxphere. chromosomes of the 

nucleus. Of these an 

equal number is contributed by each sex, and in the subsequent 

cell division that occurs, the number of chromosomes in the 
nucleus is therefore always an even number. 





Segmentation, 

The ovum first divides into two cells, then each of these into. 
two again, and soon; until at lost it consists of « mulberry-like 
mass of little cells, all still enclosed within the ona pellucida, 
The polar globules are soon lost to view. Cell division is always 
accompanied by the usual karyokinetic changes in the nucleus. 
On cutting a section throngh the embryo at this stage, it is found 
to consist.of a single layer of cells arranged around a central 
cavity filled with fluid shed ont from the cells. This is called 
the blastula stage or the stage of the wnilaminar (one layered) 
Uaatoderm. The cells by mutual compression become columnar 
in shape, and soon the cells are arranged two layers deep; the 
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formation of the second layer within the first differs in different 
animals, In amphioxus and many of the invertebrates, it is 
formed by a process of invagination ; that is, a portion of the 
surface layer is gridually pushed in until it completes a second 
layer within the first; the orifice of invagination is called the 
blastopore, and corresponds to a primitive mouth opening into a 
primitive alimentary cavity sur- 
rounded by the inner layer of cells. 
Tn mammals, the cells which are 
going to form the second layer take 
up a central position from the very 
start, and the onter cells by multi 








Fig. 619.—Impregaated ogg, with 
‘commencement af formation of 
embryo; showing the aren jer- 
minativa or embryonic pot, the 
area pellucida, and the primitive 
groove and streak. (Dalton.) 


plying more quickly than the inner 
ones grow round and enclose them. 
This is the gastrula stage or the 








stage of the bilamtnar blastoderm, 
Fig. 6:8.—Diagrame of the varions ‘Then a third layer is formed be- 
{Dalton tween the other two, and thus we 


arrive at the stage of the trilaminar 
blastoderm. The three layers are called from without inwards 
the epiblast, mesoblast, and hypoblast, or the ectoderm, mesoderm, 
and endoderm. 

We must next study the way in which the mesoblast is formed 
between the other two layers. When the onter surface of the ovum 
is viewed from above, a streak or shadow is visible; thia oceurs 
first at its posterior end, and it gradually extends towards the 
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anterior end. It is due to « thickening of the epiblast, the cells 
of which multiply 50 that they are several layers deep. This 
appearance ia called the primitive streak, 

This is soon marked by a narrow groove slong its centre, which 
is called the primitive groove (fig. 619.) 

If we cut a transverse section through the ovum at this period, 
we have the appearance presented in the next figure (fig. 620). 





Fig. 690.—Vertical ae ee pellucida and area opace extremity of of 
blastoderm of & ere. 5, opiblast; D, by aan," 
i ath Zari, te, on hy Art, 


The actual preparation is from  ehick’s egg ; the cicatrioula 
has divided into « number of cells, and these are arranged in two 
layers, opiblast and hypoblast, but these, instead of surrounding 
the whole ovum, lie spread out on the surface of the yolk. This 
part of the embryo is subsequently pinched off from the yolk-sac, 
The area which actually gives rise to the embryo is called the 





Fig. 421,—Trnnsverse section through embryo chick (26 hours). a,epibiast j&.mmewoblast 5 
Weer hypoblast J, mass of cells at pyimnitive streak ; «, primitive groore.  (Keia.) 


germinal dise, and the area opaca in the middle, seen at the loft 
extremity of the figure, is the opacity produced by the primitive 
streak, and this is seen to be caused by the proliferation of 
epiblastic cells, so that at this point they come into close contact 
with the hypoblast. 

Fig. 621 shows « rather Inter stage ; this mass of cells, chiely 
epiblastic (d), gives origin to the intermediate layer or meso- 
blast (4) which grows between the other two layers, 





Whe mesoblast, however, is not exclusively epiblastic in origin, 
for some of the cells in the mass d, fig, 621, are doul 
hypoblastic, Moreover, certain large ‘formative cells’ seen in 
fig. 620 M and in the next figure (fig. 622), originate from hypo- 
blast. and wander into the middle layer, and it is these cells 
which give origin to the connegtive-tissues and blood-vesels. 
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The three layers of the blastoderm show from the first 
distinctive characters ; the epiblast and hypoblast present the 
appearance of epithelium, whereas the mesoblast is composed of 
cells which are not arranged close 
together, and many of them are 
branched. 

The primitive streak and groove 
are evanescent. structures; they 
indicate the longitudinal axis of 
the embryo, but they are soon 
replaced by a new and larger 
groove. This is formed by two 
new thickenings of epiblast which - 
rise up like walls on each side of 
the middle line; they are united 
together in front, and they extend 
backwards, enclosing and then 
(fig. 623) obliterating the primitive 
groove, 

These two walls are called the 
medullary plates or the doreal ridges ; the valley between them is 
called the medullary groove ; this is the first appearance of the 
central nervous system. They approach one another, and meet in 
the middle line, and so convert the medullary groove into a canal. 

Fig. 624 shows this diagrammatically in transyerse section, 

The epiblastic cells which line the medullary canal are, by the 
union of the two dorsal ridges, entirely cut off from the surface 
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opiblast ; theso cells multiply and the tube of epiblast gets much 
thicker; anteriorly it forms the brain and its cavity the cerebral 
ventricles ; behind this it forms the spinal cord with its central 
canal, ‘The nerves grow out from brain and cond at a later date. 





a # 
transverse aoction an \bofore the cloxing-ts of the 

x oe wpe Ree edn eo whieh will form 
‘Seer Tralg at tonal sae Mahe hgtriot a (Kolliker) 
The same diagram shows that the mesoblast is collected into 


large masses on each side of the neural canal; these are called the 
protovertebrar ; a rod of colls has been also pinched off from the 





Tig, 6a5.— Rusiteyo of dog. ‘The neural groove, 4. is not yet closed, and at te Epes OF 
cephalic end ar three dilatations, », which cor divisions of 
vesicles of the brain. At ita lower cciomnies tie prane eeneta a 
tion (sinus rhomboidalis), c. Along the bottom of the groove ix observed & faint 
wtreak, which is the notochord. “p, Dorsal ridges, (Bischoff. 


hypoblast, and is seen in transverse section (ch) ; it is called the 
notochord. 

Fig. 625 shows a surface view of the embryo at rather a later 
stage. The union of the dorsal ridges takes place first about the 
neck of the future embryo; they soon after unite over the region 
of the Me Po ehile the closing in of the groove progrestes much 
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THE NERORAL GROOVE. Sir 


more slowly towards the hinder extremity of the embryo. The 


medullary groove ig by no means of 
uniform diameter throughout, and 
even before the dorsal ridges have 
united over it, ix seen to be di- 
lated at the anterior extremity and 
obscurely divided by constrictions 
into the three primary cerebral 
vesicles, The part from which the 
spinal cord ix formed ix of nearly 
uniform calibre, while towards the 
posterior extremity is a lozenge- 
shaped dilatation, which is the last 
part to close in. 

The notochord is just visible 
underneath the neural canal. 

The thickenings of the mesoblast 
called the protovertebre are not 
continuous longitudinal structures 
like the neural canal and notochord, 
but consist of a number of quadri- 
Jateral masses situated down each 
side of the neural canal. They 
are seen in fig. 626, which also 
shows the primitive heart, and other 
structures to be described later 
on. The neural or medullary 
groove has by this time been quite 
closed in. 

A transverse section through the 
embryo at this or a rather later 
stage (fig, 627) shows the points 
already mentioned, but there is also 
seen a splitting of the general meso- 
blast into two layers. One adheres 
to the epiblast and is called the 
parietal mesoblast, or somatopleur ; 
the other adheres to the hypoblast 
and is called the visceral meaoblast 
or aplanchnopleur ; the space be- 
tween them is the ody-cav 
ccetom or pleuro-peritonent! caer 
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is subdivided subsequently into the cavities of the plearm, 


pericardinm and peritoneum. 
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Head and Tail Fouls.  Body-cavity.—Kvory vertebrate animal 
consists essentially of a longituclinal axis (vertebral column) with: 
® neural canal above it, aml nu bedy-cavity (containing the 
alimentary canal) beneath. 





Fig. 627.—Transvorse seotion Seren agin ina 9 ees Ie 
7 i section ts epeesanted cuplend fewest rt fata ett 
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We have seen how the earliest rudiments of the central axis 
and the neural canal are formed ; we must now consider how the 
gencral body-eavity is developed. In the earliest stages the embryo 
lies flat on the surface of the yolk, and is not clearly marked off 





Fig. (o4.—Diagriunmatic longitudinal seetion through the axis of an embryo, ‘The had 
fold has comunenoed, Dut the tail-fold has not set appeanst. 29, fold of the samator 
pleury #p, fold of the splanchnoplewr,, the line of reference, Fy lies outaide the 
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from the rest of the blastoderm; but gradually the head-fold, a 
erescentic depression (with its concavity backwards), is formed in 
the blastoderm, limiting the head of the embryo; the blastodern 
ix tucked in under the head, which thus comes to project 
above the I surface of the membrane: a similar tucking in 
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of blastoderm takes place at the caudal extremity, and thus the 
head- and tail-folds are formed. 

Similar depressions mark off the embryo laterally, until it is 
completely surrounded by a sort of moat which it overhangs on 
all sides, and which clearly defines it from the yolk. It will bo 
understood that in mammals the yolk-sac is comparatively 
small. 

This moat rans in further and further all round beneath the 
overhanging embryo, till the latter comes to resemble a canoe 
turned upside-down, the ends and middle being, as it were, 
decked in by the folding or tucking in of the blastoderm, while 
on the ventral surface there ts still « large communication with 
the yolk, corresponding to the well or undecked portion of the 
canoe, 

This communication between the embryo and the yolk is gra- 
dually contracted by the further tucking in of the blastoderm from 
all sides, till it becomes narrowed down, as by an invisible con- 
stricting band, to a mere pedicle which passes out of the body of 
the embryo at the point of the future umbilicus. 

‘The downwardly folded portions of blastoderm are termed the 
visceral plates. 

‘Thus we see that the body-cavity is formed by the downward 
folding of the visceral plates, just as the neural cavity is pro- 
duced by the upward growth of the dorsal laminw, the difference 
being that, in the visceral or ventral amine, all three layers of 
the blastoderm are concerned. 

The folding in of the splanchnopleur, lined by hypoblast, 
pinches off a portion of the yolk-sac, enclosing it in the 
body-cavity. This forms the rudiment of the alimentary canal, 
which at this period ends blindly towards the head and tail, 
while in the centre it communicates at first freely, and then by a 
narrow tube with the yolk-sne, 

‘The cavity within the hypoblast thus becomes divided into two 
portions which communicate through the vitelline duct; the 
portion within the body gives rise, as above stated, to the diges- 
tive canal, and that outside the body remains for some time as 
the wmbiliead vesicle or yolk-sac (fig. 629, v). The hypoblast 
forming the epithelium of the intestine is continuous with the 
lining membrane of the umbilieal vesicle, while the visceral plate 
of the mesoblast is continuous with the outer layer of the umbili- 
cal vesicle. 

‘The above details will be clear on reference to the accompany- 
ing diagrams, some of which, however, allude to structures we 
have not as yet touched upon. We may here mi 





814 DEVELOPMENT, for. uvarr. 


other terms that are employed. The part of the primitive 
alimentary canal enclosed by the head-fold is called the foregut ; 
that enclosed by the tail-fold is called the Aind-gwt ; the remainder 
is called the meid-gut. 

We have now seen the way in which a distinct embryo with 
foreshadowings of the future organs is formed. In subsequent 





Fig, 62).—Diagramumatio seotion showing the relation in a mammal between the 
‘alimentary canal and the membranes of the ovum. The 
diagram corresponds to that of the fiftoenth or seventeenth day 
previous to the expansion of the allantol o, the villous chorion 5 
Whe place of convergence of the amnion 
‘outer or corneous Inge ; the head aud tru 
Yertebre and cerebro~epinal axis; & 4, the simple alimentary canal tn ita upper and 

it 






sections we shall have to study the way in which each set of 
organs is elaborated from these primitive structures We may 
conclude this, section by giving a list. of the ongans which are 
formed from the several primary embryonic layers :— 

1, From Epiblast.—a. The epidermis and its appendages. 

4, ‘The nervous system, both central and peripheral. 

¢, The epithelial structures of the sense-organs. 












om, wvitt.) LAYERS OF THE BLASTODERM. Sis 


d. The epithelium of the mouth, the enamel of the teeth. 

« The epithelium of the nasal passages. 

Jf. The epithelium of the glands opening on the skin and inte 
the mouth, and nasal passages. 

g- The muscular fibres of the sweat-glands. 

2. From Mosoblast.—«. The skeleton and all the connective- 
tissues of the body. 

4, All the muscles of the body except those of the sweat- 
glands. 

c. The vascular system, including the lymphatics, serous mem- 
branes, and spleen. 

d. The urinary and generative organs, except the epithelium of 
the bladder and urethra, 

The Somatopleur forms the osseous, fibrous, and muscular tissues 
of the body-wall including the true skin. 

The Splanchnoplewr forms the fibrous aud muscular walls of 
the alimentary canal, the vascular system, and the urinogenital 
organs, 

3. From Hypoblast.—a. The epithelium of the alimentary 
canal from the back of the mouth to the anus, and that of all the 
glands which open into this part of the alimentary tube. 

, The epithelium of the respiratory cavity. 

c The epithelium of the Eustachian tube and tympanum. 

d. The epithelium lining the vesicles of the thyroid. 

e. The epithelial nests of the thymus. 

f. The epithelium of the bladder and urethra. 


Tho Fatal Mombranos. 


This subject will be best understood by taking a view (fig. 630) 
of the uterus and its contents after the formation of all the 
membranes. We can then pass to the way in which the several 
membranes are formed. 

‘The uterus, the muscular walls of which are hypertrophied, is 
lined by « greatly thickened mucous membrane, whieh is called 
the decidua, because after the delivery of the child it comes away 
from the uterus with the other membranes. The decidua is 
divided into three parts; the lining of the uterine cavity is 
called the decidua vera (dv); a continuation of this reflected over 
the foxtus and its membranes is called the deciilua reflera (dr) ; 
the portion of the decidua vera which is situated within the line 
of attachment of the decidus reflexa is called the decidua 
serotina (ds), These membranes are maternal in origin. Within 
the decidua reflexa are situated the footal membranes ; the outer- 
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most of these is called the chorion ¢ at first this is covered with 
villi containing blood-vessels ; the villi dip into the surrounding: 
decidua, but soon all of therm atrophy and disappear, except 
those that dip into the decidua serotina, where they become 
greatly enlarged, 

The chorion is really formed by a fusion of two fotal mem- 





Vig. 630. 
the 
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fed te oaks as: fo thle austtintios tn thor ofthe chouian) also tbe 
i ing to mon. ta 
pedicle of the yolk-sac, ‘which lies in the cavity between the amnion and chorion. 
(Allen Thomson.) 


branes ; the false amwion and the allantois; the allantois begins 
as an outgrowth from the hind gut; the mesoblast which covers 
it becomes developed into blood-vessels, and thus the false 
wmnion to which it becomes adherent is vascularised ; the main 
vessels in the stalk of the allantois convey blood to and fro 

tween the fotus and the placenta, The placenta is formed 
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partly of maternal tissue (decidua serotina); partly of fatal 
tissue (chorion), Within the chorion is another fetal mem- 
brane, which is attached to the ventral wall of \bryo 5 
it is called the amnion. ‘This forms a sheath to the allantoic 
stalk or umbilical cord, and is then reflected over the rest of the 
embryo. In the umbilical cord are seen the remains of the yolk- 





sac or umbilical vesicle, The amnion ix filled with amniotic seid 
in which the fotus floats, and is thus protected from external 
violence. The os uteri is closed by « plug of mucus. 

Fig. 631 is a rather more diagrammatic view of the samo 
structures in outline, the villi over the general surface of the 
chorion having disappeared, 


Development of the Decidua. 


The ovum which has been fertilised in the Fallopian tube usually 
arrives in the uterus in the condition of the trilaminar blastoderm, 
It is larger than the undeveloped ovum, but still it is extremely 
small. The mucous membrane (decidua) becomes thicker, more 
pulpy, and has longer glands than it would have had if fertilisation 
had not occurred. In this the ovum is speedily imbedded, 
usually uear the fundus of the uterus; the mucous membrane 
grows over the little ovam and encloses it, and so the decidua 

KP. 30 
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reflexa is formed ; the decidua serotina is that part of the decidua 
vera which intervenes between the ovum and the uterine wall 
within the circle of attachment of the decidua reflexa. 

With the subsequent growth of the ovum, the decidua reflexa 
expands also, encroaching more and more on the uterine cavity, 
and ultimately coming into contact with the decidua vera, with 
which it blends, 

‘The glands of the decidua were at one time supposed to receive 
the villous outgrowths of the chorion. It has since been shown 
that these grow into the substance between the glands. The 
glands, however, furnish « secretion called uterine milk, which 
assists the nourishment of the embryo previous to the establish- 
ment of the placental circulation. Later on the glands are 
obliterated. 

‘The decidua serotina is the part which undergoes most change ; 
‘an irregular spongy tissue is formed in this situation; and the 
“spaces in the spongework are filled with blood ; the spongework 
of vascular spaces is incompletely divided into what are called 
cotyledons by fibrous bands ; and each cotyledon receives a much 
hypertrophied chorionic villus. It is this conjunction of chorionic 
villi with decidual tissue that makes up the placenta, which at 
full term ix seven or eight inches across and weighs nearly a 
pound. 

The placenta is the situation where the fatus receives its 
nutriment and its oxygen. There is no direct communication 
between the vascular systems of the mother and fetus. The 
sinuses of the placenta are filled with maternal blood from the 
uterine arteries ; the uterine veins carry it away; but in these 
blood-spaces the tufts of fatal blood-vessels are hanging. Oxygen 
and nutriment pass through the walls of the fatal blood-vessels 
from the maternal to the fatal blood, and carbonic acid, urea 
and other waste products pass in the contrary direction, The 
foetal blood loaves the fatus by the two umbilical arteries, which 
are the terminal branches of the fetal aorta; these pass in the 
stalk of the allantois to the placenta, and after undergoing 
oxygenation in the placental tufts the blood returns by the 
umbilical vein to the foetus once more. 


Development of the Fatal Membranes. 


The Yolk-sac.—We have already considered the way in 
which the body of the embryo is pinched off from the yolk-aue, 
Numerous blood-vessels are developed in its wall, and the 
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hutriment thus absorbed from it passes to the fartal heart by two 


veins called the 

veing. The blood-vessels are first 
formed at the circumference of a 
clear area surrounding the embryo ; 
and the place whore they are situated 
is called the vascular area, This is 
shown about the natunal size in the 
hen’s egg in fig, 632. 

In birds the  yolk-snc affords 
nutriment till the end of ineuba- 
tion, and the omphalo-mesenterie 
vessels are developed to a corre 
sponding degree; but in mammalian 
the office of the umbilical yesicle 
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ceases at a very carly period, as the quantity of the yolk 
is small, and the embryo. soon ‘becomes independent of it by 
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the connections it forma with the parent. Moreover, in binds, 
‘as the mc is emptied, it is gradually drawn into the abdomen 
through the umbilical opening, which then closes over it: but in 
mammalian it always remains on the outside; and as it ix 
emptied it contracts (fig. 635), shrivels up, and together with 
the part of its dact external to the abdomen, is detached and 
disappears, either before or at the termination of intrw-uterine 
life, the period of its disappearance varying in different orders of 
mammalia, 

When blood-vessels begin to be developed, they ramify largely 
over the walls of the umbilical vesicle, and are actively concerned 
in absorbing its contents and conveying them away for the 
nutrition of the embryo. 

At an carly stage of development of the fetus, and some time 
before the completion of the changes which have been just 
described, two important structures, called respectively the 
amnion and the allantois, begin to be formed. 

Amnion.—The amnion is produced as follows >—Beyond the 
head- and tail-folds before described (p. 812), the somatopleur 
conted by epiblast, is raised into folds, which grow up, arching 
over the embryo, not only anteriorly and posteriorly but also 
Interally, and all converging towards one point over its dorsal 
surface (fig. 637). 

The folds not only come into contact but coalesce. The inner of 
the two layers forms the true amnion ; it is composed externally of 
mesoblast and iv lined by epiblast ; the outer layer is termed the 
false amnion ; it is composed externally of epiblast and is lined 
by mesoblast. It coalesees with the inner surface of the remains 
of the original vitelline membrane or zona pellucida. 

The cavity between the true amnion and the external surface 
of the embryo becomes a closed space, termed the amnintic cavity 
(ae, fig. 635). 

‘At first, the amnion closely invests the embryo, but it becomes 
gradually distended with fluid (Zéquor amnii), which, as pregnancy 
advances, reaches a considerable quantity. 

This fluid consists of water containing small quantitics of 
albumin, urea, and salta, Its chief function during gestation 
appears to be the mechanical one of affording equal support to the 
embryo on all sides, and of protecting it as far as possible from 
the effects of blows and other injuries to the abdomen of the 
mother. It is an exudation from both fatal and maternal blood; 
the urea in it comes from the foxtal urine, which is passed into it 
im the later months of pregnancy. 

in referring to figs. 633, 634 and 635, it will be obvious that 
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the cavity outside the amnion, between it aud the false amnion, 
is continuous with the pleuro-peritonenl cavity at the umbilicus. 


either before, or at the 
same time aa the amnio- 
tic fluid, 

Allantois. — Into 
this space the allantois 
sprouts out, its forma- 
tion commencing during 
-, Ob em- the development of the 
wilh wubil wea amnion. 
cle; about natural Growing out from the 
human umbiliesl ve hinder portion of the in- 
‘‘mmall testinal canal (¢,fig-637), 
— with which it communi- 





‘This cavity ix not entirely obliterated even 
at birth, and contains a small quantity of 
fluid, which is discharged during parturition 





cates, the allantois is at first a solid pear-shaped mass of splanch- 
nopleur; it becomes vesicular by the projection into it of a 


hollow outgrowth of hypoblast. The 
hypoblast, however, does not extend very 
far, ‘The mesoblastic part of the allantois 
very soon becomes vascular, and insinuates 
itself between the amniotic folds, just de- 
scribed. It unites with the outer of the 
two folds (false amnion), which has itself, 
aa before said, become one with the re- 
mains of external investing membrane of 
the egg. As it grows, the allantois be- 


comes exceedingly vascular; in birds it Fis. 6*—Feoundated 


envelops the whole embryo—taking up 
vessels to the outer investing membrane 
of the egg, and lining the inner surface of 
the shell with x vascular membrane, by 
these means affording an extensive surface 
in which the blood may be aéruted. In 
the human subject and in other mam- 
malia, the vessels carried by the allan- 
toils are ultimately distributed only to 
a special part of the false amnion, where, 
by interlacement with the vascular system 
of the mother, the placenta is developed. 


‘neal 

complete. 9, inner lay 

of amniotio fold, ®, outer 

lager of ditto: ‘6 

whore the amniotie folds 
ct, ‘The 


tmiting between theouler 
‘and inner layers of the 


he structures external 
to these folds. (Dalton.) 


In mammalia, as the visceral lamin close in the abdominal 
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cavity, the allantois is thereby divided at the umbilieus into two 
portions ; the outer part, extending from the umbilicus to the 
chorion, soon shrivels; while the inner part remaining in the 
abdomen, is in part converted into the urinary bladder ; the portion 
of the inner part not so converted, extends from the bladder to the 
umbilicus, under the name of the wrachus. After birth the um- 
bilical cord, and with it the external and shrivelled portion of the 
allantois, are cast off at the umbilicus, while the wrachus remains 
as an impervious cord stretehed from the top of the urinary 
bladder to the umbilicus, in the middle line of the body, imme- 
diately beneath the parietal layer of the peritoneum, 














Fig. Gy Pig. 640. 





Figa. 630 and 6ye.—s, chorion with villi, ‘The villi are shown to be best developed in the 
‘part of tho chorion to which the allantois is extending : this portion ultimately be- 
fomes the plarenta: A, apace betwoen the true and false amnion ; c, amplotie cavity 5 
<4, situation of the intestine, showing ita connection with the wmbitical vewicle ¢, i= 
‘plifcal wesiele; /, aitantion of heart and vessels; 9, allantois 








The Chorion,.—This is formed by the fusion of three 
membranes, namely, the original vitelline membrane, the outer 
layer of the amniotic fold (false amnion), wud the allantois which 
supplies it with blood-vessels, 

Very soon after its formation, its outer surface is beset with 
fine processes, chorionic villi (a, figs. 639, 649), which give it a 
rough and shaggy appearance. At first only cellular in structure, 
these little outgrowths subsequently become vascular by the 
development in them of loops of capillaries (fig. 641); and the 
latter at length form the minute extremities of the blood-veasela 
which are conducted from the feetue to the chorion by the allantois. 
The function of the villi of the chorion is evidently the absorption 
of nutrient matter for the fastus ; and this is probably supplied to 














OH. Lv.) THE FETAL MEMBRANES, 823 


them at first from the fluid matter, secreted by the glands of the 
uterus in which they are soaked. Soon, however, the fotal 
vessels of the villi come into more intimate relation with the 
vessels of the uterus. The part at which this relation between 
the vessels of the fetus and those of 
the parent ensues, is not, however, over 
the whole surface of the chorion ; for, 
although all the villi become vascular, 
yet they become indistinct or disappear 
exceptat one part where theyare greatly 
developed, and by their branching give 
rise, with the vessels of the uterus, to 
the formation of the placenta. The 
structure and functions of the placenta, 
however, we have already described in 
connection with the decidua, 

The umbilical cord is composed 
of the following parts:—(1.) Ex- 
ternally, a layer of the amnion, re- 
flected over it from the umbilicus, 
(2.) The umbilical vesicle or yolk-aae with its duct and ap- 
pertaining omphalo-mesenteric blood-veesela. (3.) ‘The remains 
of the allantois, and continuous with it the umchus. (4.) 
‘The umbilical vessels, two arteries and one vein, which ultimately 
form the greater part of the cord. These are embedded in a jelly- 
like connective tissue called the Whartonian jelly. 

The After-birth—In parturition, the pressure of the uterine 
and abdominal walls upon the uterine contents, and especially on 
the amniotio fluids, causes a bulging of the membranes (combined 
deciduse, chorion and amnion) through the os uteri. When the 
membranes are ruptured the fluid escapes, and then the fortus is 
expelled. Later contractions of the uterus detach the placenta 
from the uterine wall, and this is in turn expelled ; the separation 
extends around the decidua lining the reat of the uterus, and, 
turned inside out, this follows the placenta, carrying with it the 
other membranes. ‘This constitutes the after-birth. The sever- 
ance of the umbilical cord should not be done until some minutes 
after the birth of the child, or it is deprived of a good deal of 
the blood which is subsequently squeezed out of the placenta 
into it. 
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Development of the Framework of the Body. 


The notochord is a primitive vertebral column which, unlike 
the true vertebral column that replaces it, is a single rod. In 
ampbioxus and the lampreys, however, it remains in the adult as 
a permanent skeletal support. In structure it closely resembles 
cellular cartilage (p. 57), and is enclosed in « sheath. It is 
composed of a very insoluble proteid-like matter, whieh is, however, 
not collagen. Collagen, and gelatin which is formed from collagen 
by boiling, are characteristic of true connective tissues ; these are 
formed from mesoblast; the notochord is hypoblastic. It contains 
also, like all embryonic tissues, a large quantity of glycogen. Its 
place is ultimately occupied by the vertebral bodies, but traces of 
it are found even in theadult in the centres of the intervertebral 
disc, 

The protovertebrw or protovertebral somites form the 
vertebree and other structures as well. Each divides vertically 
into two parts, an inner and an outei Tt is the inver division 
that forms the vertebrwe ; the outer division is called the museulo- 
cutaneous plate, and it is continued inte the general mesoblast 
which divides into the splanchnopleur and somatopleur with the 
pleuro-peritoneal cavity between them, 

The inner portion of each pair of protovertebne grows around 
the notochord and in time almost obliterates it; this forms the 
body of the vertebra; it also grows around the primitive spinal 
cord, and so forms the neural arch of the vertebra, This part of 
the protovertebra ix more distinctly separated from the other 
segments of the protovertebral column from the first, and #0 
allows the spinal nerves which are sprouting out from the spinal 
cord to leave the spinal cord for the body walls. 

At first, all these parts are composed of protoplasmic embryonic 
cells, but as development progresses the cells become specialised 
in function and structure, some becoming cartilage cells, others 
muscular fibres, &c, At a Inter date still, the cartilaginous 
vertebrw are replaced by bone. 

‘The vertebrw do not exactly correspond in their position to the 
protovertebre ; each vertebra is developed from the contiguous 
halves of two protovertebre. The original segmentation of the 
protovertebrie disnppears, and w fresh subdivision occurs in sueh a 
way that the intervertebral disc is developed opposite the centre 
of each protovertebra. In the musculo-cutaneous plate are 
developed the muscles and true skin of the body wall, and the 
ibs. 








oH. LYELL} THE PROTOVERTERRS, 825 


While these changes have been gomg on, the ventral walls of 
the embryo have been formed by the downgrowth of the cephalic 
fold in the head region, the caudal fold at the tail end of the 
animal, and the two lateral or umbilical folds which grow last and 
enclose the thoracic and abdominal organs. 

The embryo also undergoes certain changes in form and 
attitude; in the first place torsion takes place; this is more 
marked in birds and reptiles than in mammals; by this teem one 
means that the embryo no longer lies ventral surface downwards 
facing the yolk-sac, but turns slightly over so that the left side is 
lowermost ; in birds the embryo may turn through « quarter of a 
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circle. Then the vertebral column becomes curved, but the chief 
bend is known as the principal cephalic flerure. This ovcurs at 
the anterior end of the notochord ; it is a strong angular flexion 
in the region of the mid-brain, which is subsequently the position 
of the sella turciea. 

In connection with this must be mentioned the development of 
the pituitary body which occupies the sella turcica in the adult. 
It is formed by the meeting of two outgrowths, one from the 
fostal brain, which grows downward, and the other from the 
cpiblast of the buccal cavity, which grows up towards it. The 
surrounding mesoblast also takes part in its formation. The 
connection of the first process with the brain becomes narrowed, 
and persists as the infundibulum, while that of the other process 
with the buccal cavity disappears completely. 
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The Limbs.—The muselex of the body developed from the 
lateral extensions of the protovertebre are, at first, like the 
vertebrie, armunged in successive segments or myotomes. This is 
very well seen in the ringed condition of the muscles in such 
simple vertebrates as amphioxus. Even in fishes, where the limbs 
are not ina high state of development, the muscular segments are 
well seen. They are seen also in man in the intercostal muscles, 
and in the abdominal region are indicated by the transverse septa 
across the rectus abdominis, but here, as in other mammals, this 
simple metameric segmentation is masked by the great develop- 
ment of the large muscles which attach the limbs to the four 
corners of the trunk. 

The limbs are lateral extensions of segments or somites in 
certain situations. They consist of parietal mesoblast covered by 
epiblast. At first there is simply a bud, but this grows, and in 
time divides into three segments, arm, forearm, and hand in the 
upper limb ; thigh, leg, and foot in the lower limb. The hand 
and foot then give rise to buds corresponding to the digits. Kach 
limb is connected to a limb girdle. The epiblast here, as else- 
where, forms the epidermis ; the true skin, subcutaneous tissues, 
muscles, blood-vessels, and cartilages (subsequently replaced by 
bone) are formed by differentiation from the mesoblast. In 
further developmont the positions of the limbs become shifted by 
rotation, so that the anterior (radial) border of the upper limb 
becomes outermost, and the anterior (tibial) border of the lower 
limb becomes internal. 


Formation of the Hoad, 


In the formation of the head, a number of elements are con- 
cerned. ‘There is first the notochord, which extends as far 
forwards as the dorsum seller; this, however, as in the vertebral 
column, is transitory, and is soon replaced by « primitive cartila- 
ginous cranium developed from the mesoblast around it, as the 
vertebre are developed from the protovertebra. ‘This forms the 
base of the skull. The roof or cranial vault is formed by mem- 
brane bones, that is, bones not preceded by. cartilage; sense 
capsules which are formed around prolongations of the brain, and 
the visceral arches and slits contribute to the formation of that 
part of the head which is called the face. ‘The mesoblast, which 
continues up the protovertebrw into the head region on each side 
of the notochord, is not separated into parts corresponding to 
vertebra, Cartilage is formed in it; two cartilaginous bara, one 

side of the notochord, are called the parachordal cartilages, 
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and two other bars embracing the pituitary body situated in front 
of these are called the érabecule cramii (tig. 643, 4). These unite 
in front, and with the parachordal cartilages behind to form a 
continuous mass (basilar cartilage), which completely invests the 
notochord posteriorly (fig. 643, 8). The parachordal part of this 
represents the basi-occipital and basi-sphenoid; the prechordal 
part represents the pre-sphenoid and ethmoid portions ; posteriorly 
and at the sides, cartilaginous plates grow over the cerebral 
vesicles, but this only occurs to 4 small extent in mammals. In 
these animals the occipital region alone ix roofed in by cartilage ; 
the rest of the cranial vault being formed of membrane bones. 

Anteriorly the united trabeculm form the ethmoid cartilage and 
the nasal septum, and enclose the nasal pits externally. 

From the sides of the presphenoid, the lesser wings or orbito- 
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sphenoids containing the optic foramina are developed, and from 
the sides of the basi-sphenoid the greater wings or alisphenoids. 
A cartilaginous capsule invests the auditory vesicle and becomes 
connected to the parachordal cartilage on each side. It is called 
the periotic capsule; within this bony eentres are formed, and 
the bone constitutes the petrous and mastoid portions of the 
temporal bone. 

The Visceral Clefts and Arches.—In all vertebnita there 
is at one period of development a series of slits in the neck region; 
these are formed as inpushings from the exterior, and open into 
the anterior ond of the alimentary canal. These are six in 
number, but in man the two hinder ones rapidly disappear; the 
first enlarges and forms the mouth ; and at the sides of this the 
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eyes are formed by depressions of the skin which meet the 
optic vesicles, outgrowths from the brain. The nasal pits take 
origin ‘a8 two simple depressions, the primary olfactory or nasal 
pits; these become connected to the first cleft or mouth. The 
second slit, which corresponds to the spiracle of fishes, becomes 
the external auditory meatus and the Eustachian tube. The 
remainder, which correspond to the gill slits of fishes, entirely close 
up in mammals, and no gills are developed on their margins. 

The anterior border of each cleft forms a fold or lip, the 
branchial or visceral fold. ‘The posterior border of the last 
cleft is also formed into a fold, so that there are four clefts and 
five folds, but the three most anterior are far more prominent 
than the others, and of these the second is the most conspicuous. 
The first fold nearly meets its fellow in the middle line, the second 
less nearly, and the others in order still less so, The first arch 
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gives off & brauch from its front edge, which passes forwards to 
moot its fellow, but these offshoots do not quite meet, being 
tod by a process which grows downwards from the head. 
etwoon the branches, or maxillary processes, and the main first 
Whi is the cavity of the mouth. The branches represent the 
sspurior maxilla, and the main folds the mandible or lower jaw. 
‘Die central process, which grows down, is the fronto-nasal process 
Proms or in connection with these arches the following parts are 





‘Uhe. fest, idibular) contains a cartilaginous rod 
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(Meckel's cartilage), around the distal end of which the lower jaw 
is developed, while the malleus is ossified from the proximal end. 
When the maxillary processes on the two sides fail partially or 
completely to unite in the middle line, the well-known condition 
termed cleft-palate results. When the integument of the face 
presents a similar deficiency, we have the deformity known as 
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harelip. Though these two deformities frequently co-exist, they 
are by no means always necessarily associated. 

The upper part of the face in the middle line is developed from 
the frontal-nasal process (4, 3, fig. 644). 

From the second arch are developed the snews, atapes,* and 
stapedius muscle, the styloid process of the temporal hone, the 
stylo-hyoid ligament, and the smaller cornu of the hyoid bone. 





* The origin of the ear onsicles given in the text is only one of five or six 
different views that have been advanced by different observers, 
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From the tind visceral arch, the greater cornu and body of the 
hyoid bone arise. [1 man and other mammalis the other arches 
disappear. They occupy the position where the neck is afterwards 
developed. 

A distinct connection is traceable between these visceral arches 
and certain ermnial nerves: the trigeminal, the facial, the glosso- 
pharyngeal, and the vagus. The ophthalmic division of the 
trigeminal supplies the fronte-nasal process; the superior and 
inferior maxillary divisions supply the maxillary and mandibular 
arches respectively. 

‘The facial nerve distributes one branch (chorda tympani) to 
the first visceral arch, and others to the second visceral arch. 
Thus it divides, enclosing the cleft next behind the mouth. 

Similarly, the glosso-pharyngeal divides to enclose the third 
visceral cleft, its lingual branch being distributed to the second, 
and its pharyngeal branch to the third arch. 

The vagus, too, sends a branch (pharyngeal) along the next 
arch, and in fishes gives off paired branches, which divide to 
enclose the remaining branchial clefts. 


Development of the Vascular System. 


We have already mentioned that at an early stage in develop- 
ment the area vasculosa inakes its appearance in the part of the 
yolk-sac which is separated from the body of the embryo by a 
clear epace (soe fig. 632). This is produced by mesoblastic cells 
becoming hollow, filled with blood, and uniting to form embryonic 
capillaries (see p. 422). These vessels converge to two tranks, 
one on each side, which are called the omphalo-mesenteric or 
vitelline veins, and these lead to the embryonic heart, 

Tho heart is developed in the splanchnopleur, by a folding off 
of the pleuroperitoneal cavit; It appears beneath the posterior 
end of the foregut. Its first appearance, however, is as two 
tubes, one on each side of the foregut. This is shown in outline 
in the next diagram (fig. 646). 

It will be seen that the medullary groove is enlarged anteriorly, 
and the primary optic vesicles are growing from the first cerebral 
enlargement. Fight pairs of protovertcbri are shown; and on 
cither side of the head the primitive tubular heart (H) is seon. 

If we look at a rather later stage, shown in transverse section 
in the next figure (fig. 647), we see the two tubular hearts cut 
wcross, and approaching one another beneath the alimentary 
ranal, which is being cut off from the yolk-sie. 
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Fig. 648 shows how the two primitive tubes have coalesced to 
form one (H) beneath the anterior end of the alimentary canal, 


Fig. 46-—Tuabbitembyyo of the 
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which is in this region quite eut off from the yolk-sac. On 
each side of the notochord are seen two smaller tubes (A A) 
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‘The heart 40 formed presents the appearance depicted in fig. 
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649 ; this is viewod from below, so that the heart (4) receiving the 
two omphalo-mesenteric veins at its 
hinder eud is seen above the ali- 
mentary canal, the yolk-suc having 
‘been removed, 

Tho heart gives off anteriorly 
the primitive aorta, which soon 
divides into two; these pass round 
the blind anterior end of the ali- 
mentary canal, and then pass back 
along its dorsal nspect on each side 
of the notochord, as seen in trans- 
vorse section (a, 4) in fig. 648. 

The heart is at this time a 
simple tube, but soon is divided 
into a longitudinal series of cham- 
bers which contract in the order 
named from before backwards: (1) 
the sinus venosus, where the veins 
enter; (2) the auricle, which in 
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mammals fuses with the sinus to form a single chamber; in 
fishes and amphibians sinus and auricle are distinct ; then comes 
(3) the ventricle, and (4) the commencement of the aorta, which 
is called the aortic bulb. Later on tho heart is twisted upon 
itself in the way represented in fig. 650, 80 that the auricle 
gets on the top of the ventricle, and the ventricle increases 
in relative strength and size. 

Fig. 651 represents the primitive heart and vessels in ontline. 

The omphalo-mosenterio veins (1, 1) enter the auricle (2); then 
come the ventricle (3) and aortic bulb (4); the two primitive 
sorte arising from this pass forwards and then turn backwards 
over the end of the foregut, and join together to form the dorsal 
aorta (6) lower down ; the big branches (7, 7) which it gives off 
are the two omphalo-mesenterie arteries to the yolk-sac. 

The smaller allantoic or umbilical arteries (8, 8) pass to the 
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allantois, the circulation in which begins soon, and this replaces 
the circulation from the yolk-sac, which in mammals is very in- 


Pig, Ost.-—Marly stage of em that of the allantole 
‘bryunic heart and blood ‘caudal extremity), which x 
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significant. The umbilical arteries then become the terminal 
branches of the fetal aorta; the common iliac arteries to the 
lower limbs arise later, when the limbs begin to form, 
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‘The replacement of the circulation in the yolk-eac, or umbilical 
vesicle, by the allantoic or placental circulation is illustrated by 
the two preceding diagrams (figs. 652, 653). 

As the body develops, new arteries and new veins form, and the 
heart becomes more complicated. The ventricle is divided into 
two (right and left) by a septum ; the bulb divides into two, and 
one division leads from the right ventricle to the pulmonary 
artery; the other leads as the main aorta from the left. The 
auricles are also divided into two (right and left) but the com- 

plete separation of the two auricles docs not take place till after 
births Before birth, us we shall sce when describing the later 
foetal ciroulation, some of the blood which enters the right auricle 
passes into the left auricle by a wide opening called the foramen 
ovale. 

The pulmonary artery leads direct into the descending aorta; 
the branches t6 the lungs are small and unimportant : it is not till 
the child is born, and begins to use its lungs, that the arteries to 
them assume importance ; then also the communication with the 
aorta is closed, and remains as a cord, called the ductus ‘arteriosus, 

These changes will be grasped better if we look at the two next 
dingrams (figs. 654, 655). 

The heart (fig. 654) is in a rather more advanced stage than in 
fig, 651 ; it is beginning to get.a twist which is bringing the ven- 
tricle, now increasing in size, into its subsequent position ; but it 
is seen that instead of two simple arches uniting to form a dorsal 
aorta, there are now five. These correspond to the gill arteries of 
fishes, but in mammals never break up into capillaries, as in a 
fish’s gills. They, however, ran in the viscoral arches, betwoen the 
visceral clefts. In amphibia, three pairs persist through life, 

In reptiles the fourth pair remains throughout life as the per- 
manent right and left aorta ; in birds the right onc remains as the 
permanent aorta, curving over the right bronchus instead of the 
left as in mammals, 

In mammals the left fourth sortic arch develops into the per- 
manent aorta, the right one remaining as the subclavian artery 
of that side. Thus the subclavian artery on the right side cor- 
responds to the aortic arch on the left, and this homology is 
further confirmed by the fact that the recurrent. laryngeal nerve 
hooks under the subclavian on the right side, and the aortic arch 
on the left. 

‘The fifth arch disappears on the right side, but on the left forms 
the pulmonary artery. ‘The distal end of this arch originally 
opens into the descending aorta, and this communication (which ix 
permanent throughout life in many reptiles on both sides of the 
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body) remains throughout fetal life under the name of the ductus 
arteriosus ; the branches of the pulmonary artery, to the right 
and left lung, are very «mall, 
and most of the blood which 
is foreed into the pulmonary 
| artery passes through the wide 
| ductus arteriosus into the 
| descending aorta. The first 
and second arches soon dis- 
| appear, but the third arches 
and portions of the aortic 
roots remain as the carotid 
arteries (seo fig. 655). 
| As the umbilical vesicle 
dwindles in size, the portion 
of the omphalo-mesenteric 
arteries outside the body gra- 
dually disappears, but the part 
inside the body remains as the 
mesenteric arteries. (FG 
Meanwhile with the growth Pig. Sg—Diagmm ot {he artic arcee = io 8 
fv las othe permanent arterial resale 
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of the allantois two new arteries (umbilical) appear, and rapidly 
increase in size till they are the largest branches of the aorta; 
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they are for a long time considerably larger than the external 
ilises which supply the comparatively small hind-limbs. 
Veins.—The earliest veins to appear in the foxtus are the omphalo- 
mesenteric or vitelline, which return the blood from the yolk-snc to 
the developing auricle. As soon as the placenta with its umbilical 
veins is developed, these unite with the omphalo-mesenteric, and 
thus the blood which reaches the auricle comes partly from the 
yolk-sac and partly from the placenta. The right omphalo- 
mesenteric and the right umbilical veins soon disappear, and the 
united left omphalo-mesenteric and umbilical veins pass through 
the developing liver on the way to the auricle. Two seta of 
vessels make their appearance in connection with the liver (vena 
advehentes, and revehentes), both opening into the united omphalo- 





Diagrams iltustras jevelopment of veins about the liver. 2, a % ducts 
re aad ety hae ecard 
bt lovtnimemnteric voing, of 


fo vein, shrivelled up: 

‘Between the vem cardinales is seen’ the 
ives m hepatic advehentes and revehentos, 
hepatic veins; et, rwna cure inferior; 7, portal 

jo veins, (1iNktkor,) 











D, later stage ; 1, ductus yenowus 
eins J” 2%, ven advehentes ; 





mesenteric and umbilical veins, in such a way that a portion of the 
venous blood traversing the latter is diverted into the developing 
liver, and, having passed through its capillaries, returns to the 
umbilical vein through the venw revehentes at a point nearer the 
heart (see fig. 656). The portion of vein between the afferent 
and efferent veins of the liver is called the ductus venowus, The 
venw advehentes become the right and left branches of the portal 
vein, the vente revehentes become the hepatic veins, which open 
just at the junction of the ductus venosus with another lange vein 
(vena cava inferior), which is now being developed. The mesenteric 
portion of the omphalo-mesenteric vein returning blood from the 
developing intestines remains as the mesenteric vein, which by its 
union with the splenic vein, forms the portal. 

‘Thus the fostal liver is supplied with venous blood from two 








cH. Bvt.) THE FORTAL CIRCULATION, 837 


sources, through the umbilical and portal vein respectively. At 
birth the circulation through the umbilical vein of course com- 
pletely ceases and the vessel begins at once to dwindle, so that 
now the only venous supply of the liver is through the portal vein. 

Another system: of veins which appears early consists of 
two short transverse veins (duets of Cuvier) which open into the 
right auricle on either side; each is formed by the union of an 
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anterior cardinal, afterwards forming « jugular, vein, collect- 
ing blood from the head and neck, aud « posterior cardinal vein 
which returns the blood from the Wolffian bodies, the vertebral 
column, and the parietes of the trunk. This arrangement persists 
throughout life in fishes, but in mammals the following trins- 
formations occur. 

As the kidneys are developing a new vein appears (vena cava 
inferior), formed by the junction of their efferent veins, It receives 
branches from the legs (ilinc) and increases rapidly in size as 
they grow: further up it receives the hepatic veins, which by this 
time have lost their original opening into the ductus venosus. 
The heart gradually descends into the thorax, causing the ducts 
of Cuvier to become oblique instead of transverse. As the fore- 


limbs develop, the subclavian veins are formed. 
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A transverse communicating trunk now unites the two primi 
tive jugular veins, and gradually increases, while the left duct o 
Cuvier becomes almost entirely obliterated (all its blood passing 
by the communicating trunk to the right side) (fig. 657,44 D.). 
‘The right primitive jugular vein remains as the nght innominate 
vein, while the communicating branch forms the loft innominate. 
The right duct of Cuvier becomes the superior vena cava,- The 
remnant of the left duct of Cuvier generally remains as a fibrous 


‘Left Common flac 
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bund, running obliquely down to the corovary vein, which is 
really the proximal part of the loft duct of Cuvier. In front of 
the root of the left lang, another relic may be found in the form 
of the so-called vestigial fold of Marshall, which is a fold of peri- 
cardium running in the same direction. 

In some of the lower mammals, such as the rat, the left duct of 
Cuvier remains as a left superior cava. 

Meanwhile, a transverse branch carries across most of the blood 
of the left posterior cardinal wv into the right; and by this 
union the great azygos vein is formed. 
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‘The upper portions of the left posterior cardinal vein remain as 
the loft suporior intercostal and vena azygos minor. 

The azygos veins receive the intercostal veins. a5 sherri the 
dingrams. 


The eireulation of blood in 
that of the adult. It will be well, perhaps, to begin its desorip- 
i carried 


It is at first conveyed to 
there the stream is divided,—a part of the blood passing straight 
on to the inferior vena cava, through a yenous canal called the 
ductus venosus, while the remainder passes into the portal vein, 
and reachos the inferior vena cava only after circulating through 
the liver. Whether, however, by the direct route through the 
ductus venosus or by the roundabout way through the liver,—all 
the blood which is returned from the placenta by the umbilical 
vein reaches the inferior vena cava at last, and ix carried by it 
to the right auricle of the heart, into which cavity is also pouring 
the blood that has circulated in the head and neck and arms, and 
has been brought to the auricle by the superior vena cava. It 
might be naturally expected that the two streams of blood would 
be mingled in the right auricle, but such is not the case, or only 
to a slight extent. The blood from the superior vena cava,—the 
less pure fluid of the two—passes almost exclusively into the right 
ventricle, through the auriculo-ventricular opening, just as it does 
in the adult ; while the blood of the inferior vena cava is directed 
by the fold of the lining membrane of the heart, called the Busta- 
chian valve, through the foramen ovale into the left auricle, whence 
it passes into the left ventricle, and out of this into the sorta, and 
thence to all the body, but chiefly to the head and neck. The 
blood of the superior vena cava, which, as before said, passes into 
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the right ventricle, is sont out thence in small amount through 
the pulmonary artery to the lungs, and thenee to the left auricle, 
by the pulmonary veins, as in the adult. The greater part, 
however, does not go to the lungs, but instead, passes through a 





Fig. 659,—Dingram of the Fustal Cireulation. 


canal, the ductus arteriosus, leading from the pulmonary artery 
into the aorta just below the origin of the three great vessels 
which supply the upper parte of the body ; and there meeting 
that part of the blood of the inferior vena cava which has not 
gone into these large vessels, it is distributed with it to the 
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trunk and other parts,—a portion passing out by of the two 
umbilical arteries to the placenta. From errlacadta it is 
returned by the umbilical vein to the under surface of the liver, 
from which the description started. 

Changes after Birth.—Immediately after birth the foramen 
ovale begins to close, and so do the ductus arteriosus and ductus 
venosus, as well as the umbilical vessels; the closure is com- 
pleted in a few days, so that the two streams of blood which 
arrive at the right auricle by the superior and inferior vena cava 
respectively, thenceforth mingle in this cavity of the heart, and 
passing into the right ventricle, go by way of the pulmonary 
artery to the lungs, and thence, after purification, to the left 
auricle and ventricle, to be distributed by the aorta to the body 
generally, 


Development of the Nervous System. 


‘The central nervous system originktes from the thickened 
walls of the medullary groove, which by the meeting of the 
dorsal ridges is converted into the medullary canal. Thewe walls 
are composed entirely of epiblast. The anterior part of this mass 
of epiblast becomes the brain, the rest of it the spinal cord ; the 
canal itself is scon in the adult as the ventricles of the brain and 
central canal of the spinal cord. The nerves are formed of 
epiblast too, they are outgrowths from masses of cells called 
neuroblasts, the primitive nerve-cells. In the case, however, of 
the olfactory and optic nerves we have not to deal with solid 
outgrowths, but with hollow protrusions from the brain, which 
become solid at a later stage. 

Tho Spinal Cord.—The cavity formed by the closure of the 
noural canal soon becomes a cleft running from before backwards, 
It is bounded at first by columnar epithelium ; these cells afterwards 
become ciliated; on their exterior is a homogeneous basement 
membnine. The wall soon becomes thicker, and the basement 
membrane is thus separated further and further from the central 
canal. This increase in thickness is due in part to the increase 
in length of the columnar cells: in part to the appearance of new 
cells. The inner part of the columnar lining retains its palisade- 
like character, and forms ultimately the lining epithelium of the 
central canal. The cella are called spongioblasts. The external 
ends of the cells break up into a reticulum called the myelo- 
spongium, and this is limited externally by the basement membrane 
at the circumference, The myelospongium forms the neuroglia. 


Lal 
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Between the inner ends of the spongioblasta (fig. 660, S) 
numerous rounded cells called germinal cells (G) next appear. 
‘These rapidly divide, and so form newroblasts (N), The neuro- 
blasta are pear-shaped ; each bas a large oval nucleus, and its 
tapering stalk is directed towaids the outer surface of the cord ; 





Fig. 660.—Inner ends of spongiodlasts (8), with ae cella (G) between them. NN, 
laste which have rewzited from the ot oell i} 
nein te ie cag Sie eager Car 


the process ultimately pierces the basement membrane (fig. 661). 
These are the primitive nerve cells ; their processes are the axis 
cylinder processes which grow out as nerve fibres The nerve 
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fibres are first without sheaths; the formation of the sheaths 
comes later (see pp. 105, 609). * 

The neuroblasts collect into groups, one of which, especially 
large, is at the situation of the future anterior horn; the pro- 
cesses of the primitive nerve-cells pass out of the cord as the 
beginnings of the anterior roots (fig. 662). The somewhat oblique 
coursing of these fibres before they leave the cord forms the 
beginning of, the anterior white column. The posterior white 
columns simultaneously begin to appear on each side of the 
narrow dorsal part of the canal. They are formed by the pos- 
terior roots entering the cord. 

As the cornua of grey matter grow out from the central mass, 
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the fissures of the cord begin to appear, The anterior or ventral 
fissure is simply a cleft between the enlarging lateral halves of the 
cord. The posterior fissure ix formed by the closure of the dorsal 
portion of the neural canal which meets an ingrowth of connective 
Lissue from the exterior. The characteristic cylindrical form of the 
cord dg attained by the development of the lateral columns, which 
are formed by the processes from neuroblasta in the brain growing 
down the sides of the cord, and these become medullated ata 





later period. The membranes and blood-vessels are formed from 
mesoblast. 

Up to the fourth month the cord and vertebral canal increase 
in length pari pass, but after that, the vertebral canal grows 
faster, so that at birth the coccygeal end of the cord is opposite 
the third lumbar, and in the adult opposite the first lumbar 
vertebra. This gives an obliquity to the lower nerve roots, 
which together with the silum terminale form the cauda equina, 

The Nerves,—These grow from the spinal cord ; the origin 
of the anterior roots we have already considered. The posterior 


roots are formed in the following way. 
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Along the dorsal aspect of the primitive cord, a crest of 
epiblast appears and is called the neural crest. Special enlarge- 
ments of this appear opposite the middle of each pair of proto- 
vertebre ; these grow downwards on each side, and their 
attachment to the cord is then entirely lost. These little islands 
of epiblast contain numerous neuroblasts; each island forms a 
spinal ganglion, and the ncuroblasts within it become the cells of 
that ganglion. Two processes grow from cach cell; one directed 
towards the spinal cord, where it contributes to the formation of 
the posterior white column, and ultimately arboriges around the 
cells of the grey matter at a higher level. ‘The other grows to the 
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periphery. ‘The two processes become blended in the first 
of their course and so the T-shaped junetion is formed (fig. 663). 

The Brain.—The histological details of the formation of the 
epithelium of the ventricles from spongioblasts, of neuroglia from 
the myelospongium, of nerve cells from neuroblasts, and of the 
nerve fibres of the white matter and of the nerves as the out- 
growths from the neuroblasts, are all essentially the same, as 
already described in connection with the spinal cord, But the 
grosser anatomical details differ. 

The front portion of the medullary canal is almost from the 
first widened out and divided into three vesicles From the 
anterior vesicle the two primary optic vesicles are budded off 
laterally ; their further history will be traced in the next section. 
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Somewhat later the same vesicle divides into two, and thus the 
and thalamen 


icephalon are formed. 

In the walls of the posterior (third) cerebral vesicle, a thicken- 
ing appears (rudimentary cerebellum) which becomes separated 
from the rest of the vesicle by a deep inflection, 

At this time there are two chief curvatures of the brain (fig. 
664). (1.) A sharp bend of the whole cerebral mass downwards 
round the end of the notochord, by which the anterior vesicle, 
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which was the highest of the three, is bent downwards, and the 
middle one comes to occupy the highest position. (2.) A sharp 
bend, with the convexity forwards, which runs in from behind 
beneath the rudimentary cerebellum separating it from the 
medulla. 

‘Thus, five fundamental parts of the foetal brain may be distin- 
guished, which, together with the parts developed from them, may 
be presented in the following tabular view :— 
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TABLE OF PARTS DEVRWOPED FLOM FuxpAMESTAL Pants OF 
BRAIN. 
Anterior end of third ventricle, 


First Secondary Vesicle, ree poked yheminds 5 


| Progencephaion, or 7 

| p J corporastriata, corpus callosum, 
a =r ihe fornix, lateral ventricles, alfc- 
Vesicle tory balb. 


cle, Thalamencepha-| of legen "e ven~ 
tric! 


Segond Secondary Vesi- ( Thalami optici pineal gland, part 
lon, or “Twixt-brain. { le, optic nerve and retina, 


infund!bulam, 
TL, Middle { Third Secondary Vesicle.) Corpor quadrigemina, orura 
Primary Mesencephalon, ot piso se 
Vesicle, | Mid-brain, comebal, wtaateoe Ck STvaam 
Fourth Secondary Vesi- er eketicta) aad 
= cle, Epencephalon, or ~e 
Ut, Paar pinata Vesie, ProUrth, Tem: Pe 
: jecondary Vesicle, [ tricle. 
Vesicle, | ewer Me peas oblon- 
After-brain. Lo 


The cerebral hemispheres grow rapidly upwards and backwards, 
while from their inferior surface the olfactory bulbs are budded 
off. The middle cerebral vesicle (mesencephalon) for some time 
is the most prominent part of the fotal brain, and in fishes, 








i. Wide view of fatal bela at six months, showing commencement of Soraatien 
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P Darieto-cecipital Martine, (BR. Wagner.) 





amphibia, and reptiles, it remains uncovered through life as the 
optic lobes. But in birds the growth of the cerebral hemispheres 
thrusts the optic lobes down laterally, and in mammalia ¢om- 
pletely overlaps them. 

In the lower mammalia the backward growth of the bemi- 
spheres ceases, but in the higher groups, sugh as the monkeys 
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and man, they grow still further back, until they complete 
cover in the cerebellum, so that om looking down on the 
from above, the cerebellum is quite concealed from view, The 
surface of the hemispheres is at first quite smooth, but as early as 
the third month the great Sylvian fissure beginx to be formed 
(fig. 665). 

The an to appear is the parieto-occipital fissure ; these two 
great fissures, unlike the rest of the sulci, are formed by a curving 
round of the whole cerebral mass. 

In the sixth month the fissure of Rolando appears: from this 


the convolutions appear in quick ‘succession ; firat the great pri- 





commissures of the brain (anterior, middle, and posterior), and the 
corpus callosum, are developed by the growth of fibres across the 
middle line. 

The Hippocampus major is formed by the folding in of the grey 
matter from the exterior into the lateral ventricles. 

The Eye.—Soon after the first three cerebral vesicles have 
become distinct from each other, the anterior one sends out » 
lateral vesicle from each side (primary optic vesicle), which grows 
out towards the free surface, its cavity communicating with that 
of the cerebral vesicle through the canal in its pedicle. It 
Temains connected to the thalamencephalon. Tt is soon met and 
invaginated by an in-growing process from the epiblast of the 
surface (fig. 666). This process of the epiblast is at first « depres- 
sion, which ultimately becomes closed in at the edges so as to 
produce a hollow ball, which is thus completely severed from the 


epidermis with which it was originally continuous. From WZ 
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hollow ball the crystalline lens is developed. The way in which 
this ocours has been described in 4 previous chapter under the 
head of structure of the lens (see p. 747). By the in-growth of 
the lens the anterior wall of the primary optic vesicle is forced 
back nearly into contact with the posterior, and thus the primary 
optic vesicle is almost obliterated. The colls in the anterior wall 
are much longer than those of the posterior wall; from the 
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former all the layers of the retina are developed, except the layer 
of pigment cella which is formed from the latter. 

The cup-shaped hollow in which the lens is now lodged is 
termed the secondary optic vesicle : its walls grow up all ronnd, 
leaving, however, a slit below where it meets the lens, 

Through this slit, termed the choroidal fissure, & process 
of mesoblast containing numerous blood-vessels projects, and 
oceupies the cavity of the secondary optic vesicle behind the lens, 
filling it with vitreous humour and furnishing the lens capsule 
and the capsulo-pupillary membrane. This process in mammals 
projects, not only into the secondary optic vesicle, but also into 
the pedicle of the primary optic vesicle invaginating it for some 
Aistance from beneath, and thus carrying up the arteria centralis 

‘@ into its permanent position in the centre of the optic nerve, 
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‘This invagination of the optic nerve does not occur in birds, 
and consequently no arteria centralis retinw exists in them. But 
‘they possess an important permanent relic of the original protra- 
sion of the mesoblast through the choroidal fissure, in the preten, 
while a remnant of the same fissure sometimes oecurs in man 
under the name coloboma iridis. The cavity of the primary optic 
vesicle becomes completely obliterated, and the rods and cones 
get into apposition with the pigment layer of the retina. The 
inner segments of the rods are the first formed, then the outer. 
The cavity of its pedicle disappears and the solid optic nerve is 
formed. Meanwhile the cavity which existed in the centre of the 
primitive lens becomes filled up by the growth of fibres from its 
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posterior wall. The epithelium of the cornea is developed from 
the epiblast, while the corneal tissue proper is derived from the 
mesoblast which intervenes between the epiblast and the primi- 
tive lens which was originally continuous with it. The sclerotic 
coat is developed round the eye-ball from the general mesoblast in 
which it is embedded. ‘The chorvid ia developed from the meso- 
blast on the outside of the optic cup, and the iris by the growing 
forwards of the anterior edge of the optic cup. ‘The ciliary 
processes arise from the hypertrophy of the edge of the optic 
ich forms folds into which the choroidal mesoblast. grows, 
h_blood-vessels and pigment-vells develop. 

‘The iris is formed rather late, as a cireular septum projecting 
inwards, from the fore part of the choroid, between the lens and 

oT 
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the comea. In the eye of the fatus of mammalia, the pupil is 
closed by a delicate mombrane, the membrana pwpillaris, which 
forms the front portion of a highly vascular membrane that, in the 
footus, surrounds the lens, and is named the membrana capsulo- 
pupillaris (fig. 669). It is supplied with blood by a branch of the 
arteria centralis retine, which, passing forwards to the back of 
the lens, there subdivides. It is obliterated in the adult, and is 
then called the canal of Stilling. The membrana capsulo-pupillaris 
withers and disappears in the human subject a short time before 
birth. 

‘The eyelids of the human subject and mammiferons animals, 
like those of birds, are first developed in the form of a ring. 
They then extond oyer the globe of the eye until they meet and 
become firmly agglutinated to each other. But before birth, or 
in the carnivora after birth, they separate. 

The Ear.—Very early in the development of the embryo a 
depression or ingrowth of the epiblast ocours on each side of the 
head which deepens and soon becomes a closed follicle. This 
primary otic vesicle, which closely corresponds in its formation to 
the lens follicle in the eye, sinks down to some distance from the 
free surface ; from it are developed the epithelial lining of the 
membranous labyrinth of the internal ear, consisting of the vesti- 
bule and its semicircular canals and the scala media of the cochlea. 
‘Tho surrounding mesoblast gives rise to the various fibrous bony 
and cartilaginous parts which complete and enclose this mem- 
branous labyrinth, the bony semicircular canals, the walls of the 
cochlea with its scala vestibuli and scala tympani. The auditory 
nerve is gradually differentiated and grows towards the internal ear. 

The Eustachian tube, the cavity of the tympanum, and the 
external auditory passage, are the remains of the first post-oral 
cleft. The membrana tympani divides the cavity of this cleft 
into an internal space, the tympanum, and the external meatus. 
The mucous membrane of the pharynx, which is prolonged in the 
form of a diverticulum through the Eustachian tube into the 
tympanum, and the external cutancous system come into relation 
with each other at this point; the two structures are separated 
only by the membrane of the tympanum, 

The pinna or external ear is developed from a process of 
integument in the neighbourhood of the first and second visceral 
arches, and probably corresponds to the gill-cover (operculum) in 
fishes. 

The Nose.—The nose originates like the eye and ear in a de- 
pression of the superficial epiblast at each side of the fronto-nasal 
process (primary olfactory pit), which is at first completely 
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separated from the cavity of the mouth, and gradually extends 
backwards and downwards till it opens into the mouth. 

The outer angles of the fronto-nasal process, uniting with the 
maxillary process on each side, convert what was at first a groove 
into « closed canal. The olfactory nerve whieh meets this ix, like 
the optic nerve, primarily a hollow process of the brain, 


Development of the Alimentary Canal. 


The alimentary canal in the earliest stages of its development 
consists of three parts—the fore and hind gut ending blindly 
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at each end of the body, and a middle segment which com- 
municates freely on its ventral surface with the cavity of the 
yolk-sac through the vitelline or omphalo-mesenteric duct. 

From the fore-gut are formed the pharynx, esophagus, and 
stomach ; from the hind-gut, the lower end of the colon and the 
rectum. The mouth is developed by an involution of the epiblast 
between the maxillary and mandibular processes, which becomes 
deeper and deeper till it reaches the blind end of the fore-gut, and 
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at length communiostes freely with the pharynx by the absorption 
of the partition between the two. 

At the other end of the alimentary canal the anus is formed 
in « procisely sitailar way by an involution from the free surface, 
which at length opens into the hindut. When the depression 
from the free surface docs not reach the intestine, the condition 
known as imperforate anus rowulta. A similar condition may exist 
at the other end of the alimentary canal from the failure of the 
involution which forms the mouth, to meet the foregut. The 
middle portion of the digestive canal becomes more and more 
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closed in, till its originally wide communication with the yolk-sae 
becomes narrowed down to a small duct (vitelline). ‘This duct 
weually completely disappears in the adult, but occasionally the 
proximal portion ‘remains as a diverticulum from the intestine. 
Somotimes a fibrous cord attaching some part of the intestine to 
the umbilicus, remains to reprosent the vitelline duct. Such « 
cont has been known to cause, in after-tife, strangulation of the 
bowel and death 

‘The alimentary canal lies in the form of a straight tube close 
beneath the vertebral column, but it gradually becomes divided 
into its special parts, stomach, small intestine, and large intestine 
(fig. 670), and at the same time comes to be suspended in the 
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abdominal cavity by means of a lengthening mesentery formed 
from the splanchnopleur which attaches it to the vertebral 
column. The stomach originally bas the same direction as the 
reat of the canal ; its cardiac extremity being superior, ita pylorus 
inferior. The changes of position which the alimentary canal 
undergoes may be readily gathered from the accompanying 
figures (fig. 670). 

Pancreas and Salivary Giands.—The principal glands in con- 
nection with the intestinal canal are the salivary glands, pancreas, 
and the liver. In mammalia, each salivary gland first appears as 
a simple canal with bud-like processes, lying in a mass of 
mesoblast, and communicating with the cavity of the mouth. 
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As the development of the gland advances, the canal becomes 
more and more ramified (fig. 671). The pancreas is developed 
exactly in the same way, but its cells are derived from the 
hypoblast lining the intestine, while those of the salivary glards 
are formed from the epiblast lining the mouth. In both cases 
the blood-vesiels and connective tissues are formed from the 
mesoblast into which the glandular structure grows, 

The Liver.—The liver ix developed by the protrusion of a 
part of the walls of the fore-gut, in the form of two conical hollow 
branches (figs. 672, 673). ‘The inner portion of the cones consists 
of a number of solid cylindrical masses of cells, derived from 
the hypoblust, which become gradually hollowed by the formation 
of the hepatic ducts, and among which blood-vessels are rapidly 
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developed. The secreting cells of the organ and the lining 
epithelium of the ducts are derived from the hypoblast, the oon- 
nective-tissue and vessels from the mesoblast. The gall-bladder 
is developed as a diverticulum from the hepatic dact. 

The spleen and lymphatic glands are developed from the meso- 
blast: the thyroid originates from the hypoblast; it grows as 
diverticula from the fore-gut, opposite the second and also opposite 
the fourth visceral arches. The bypoblastic cells form the lining 
epithelium of the vesicles ; the stroma of the gland ix formed by 
the surrounding mesoblast. The thymus is formed in a similar 
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way opposite the third and fourth visceral arches, These hypo- 
blastic cells form the nests called the corpuscles of Hassall; the 
lymphoid tissue by which they are invaded and ultimately sur- 
rounded is mesoblastic. 


Development of the Respiratory Apparatus, 


Tho Lungs, at their first development, appear as small 
tubercles or diverticula from the ventral surface of the esophagus 
(figs. 672, 674). 

The two diverticula at first open directly into the @sophagus, 
but as they grow, a separate tube (the future trachea) is formed 
at their point of fusion, opening into the csophagus on its anterior 
surface. These primary diverticula of the hypoblast of the ali- 
mentary canal send off secondary branches into the surrounding 
mesoblast, and these again give off tertiary branches, forming the 
aircells. Thus we have the lungs formed: the epithelium lining 
the air-cells, bronchi, and trachea is derived from the hypoblast, 
and all the rest of the lung-tissue, nerves, lymphatics, and 
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Dlood-vessels, cartilaginous rings, and «muscular fibres of the 
‘bronchi from the mesoblast. 
The diaphragm is early developed as a partition of mesoblast 


a B © . 


dividing the original pleuro-peritoneal cavity into thoracic and 
abdominal serous cavities. 


Development of the Genito-urinary Apparatus. 


In the early stage of the development of the urino-genital 
organs, the most striking thing seen is their resemblance to the 
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segmental organs, or nephridia of worms. The subject was first 
worked out by Balfour in the elasmobranch fishes ; wo may there- 
fore first describe what he found here, and thon pass on to what 
occurs in mammals. 





856. DEVELOPMENT. [ow avsns, 


In the preceding diagram (fig. 675) we haves transverse section 
through the embryo in which the structures represented will be 
familiar from our previous studies, About the fifth segment a 
thickening in the mesoblast occurs, which grows backwards as n 
solid column of cells, this becomes hollow, 
and is seen in transverse section at A’; Ister 
on the hollow extends at one part into the 
pleuro-peritoneal cavity by a trampet-shaped 
opening, and this is seen cut through at A”. 

‘This duct may be termed the archinephros. 
The prominence created by this duct grows 
into the pleuro-peritoneal cavity; and a 
number of convoluted tubes, one in each 
segment, open into the duct, which soon 
splits into two longitudinally ; one division, 
the pronephros or Milllerian duet (fig. 676, M), 
has the original opening into the body 
cavity; the other convoluted tubes open 
into the other division of the tube; they 
become united together by connective tissue, 
and form a solid organ called the Wolffian 
body, or mesonephros. The duct is called the 
mesonephric, or Wolffian duct (Sg. 676, W)- 
The two ducts open into the cloaca which 
also receives the hinder opening of the ali- 

the mentary canal. 
The tubules of the Wolffian body become 
ites 0) a=’ more convoluted and form the tubules of 
the head-kidney; some of their original 
openings into the peritoneal cavity can be traced, however, even 
in the adult. 

From the lower end of the Wolffian duct a protrusion or growth 
takes place, and this also becomes hollow, and a number of 
segmental tubes develop and form with it an organ similar to 
the Wolffian body; this is called the metanephros, and it forms 
the hind kidney, which represents the true kidney of the higher 
vertebrates ; the mefanephric duct becomes the ureter. It is 
represented at K, in fig. 677. 

In the female the Mdllerian duets become the oviduets, and, 
where they join, the uterus. In the male they disappear. The 
head or Wolffian kidney, and the bind or true kidney: both 
excoute ronal functions in both sexes; but in the male, the 
Wolffian tubules apply themselves to the testis and constitute its 
efferent ducts; the main Wolffian duct becomes the vas deferens. 


W. Body 
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‘Thus in fishes and amphibians, the semen passes through tubules 
which are also renal in function. 

In the higher vertebrates the subject has been chiefly studied in 
the chick, but most of the facts have been confirmed in the 


The archinephros which is first formed becomes the Wolffian 
duct, and the segmental tubules, which are rather more numerous 
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than one to each segment, get bound into the Wolffian body. 
The Mallerian duct is not split off from this, but is formed 
separately by a longitudinal folding in of the pleuro-peritoncal 
cavity ; the hind or true kidney is formed in both sexes as before 
by a growth backwards from the Wolffian duct. The tubules are 
at first solid columns of cells which are subsequently hollowed out. 

The Wolffian bodies, or temporary kidneys, as they may be 
termed, give place at an early period in the human fostus to their 
successors, the permanent kidneys, which are developed behind 
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them. Each diminishes rapidly in size, and loses all renal 
functions. In the male it is developed into the easa ¢ferentia, 
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comi vasculosi, and globus major of the epididymis; and thus a 
direct connection between the secreting part of the testicle and 
its duct is brought about. The Wolffian ducts persist in the 
male, and are developed to form the body and globus minor of the 
epididymis, the vas deferens, and ejaculatory duct on each side ; 
the vesicule seminales form diverticula from their lower part. 
In the female a small relic of the Wolffian body persists as the 
parovarium, « functionless collection of tubules lined with ciliated 
epithelium near the ovary (see p. 798, fig. 610, po) ; in the male 
a similar relic is termed the organ of Giraldés. The lower end 
of the Wolffian duct remains in the female as the duct of 


v 


Fig. 640,—Diagram of two-horned uterus. The body of the uterus (U) ix formed by the 
fusion of the two MOllcrian. ducts, the ununited portions of which form the oviducts, 
Fullopian tubes or horns of the uterus (O, 0) ; V, vagina. 


Gaertner, which deacends towards, and is lost upon, the anterior 
wall of the vagina. 

The Fallopian tubes, the uterus, and the vagina are developed 
from the Mullerian ducts. The two Milllerian ducts are united 
below into a single cord, called the genital cord, and from this 
are developed the vagina, as well as the cervix and the lower 
portion of the body of the uterus; while the ununited portion of 
the duct on each side forms the upper part of the uterus, and the 
Fallopian tube, In certain cases of arrested or abnormal 
development, these portions of the Mallerian ducts may not 
become fused together at their lower extremities, and there is left 
a cleft or horned condition of the upper part of the uterus ro- 
sembling # condition which ix permanent in certain of the lower 
animals (see fig. 680). 
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In the male, the Mallerian ducts have no special function, and 
are but slightly developed. The hydatid of Morgagni is the 
remnant of the upper part of the Mallerian duct. The small 
prostatic pouch, wterws masculinus, or sinus pocwaris, forms the 
atrophied remnant of the distal end of the genital cord, and is, 
therefore, the homologue, in the male, of the vagina and uterus 
in the female. 

We must now pass to the development of the ovary and testis. 

Between the Wolffian body and the mesentery, the mesoblast 
covering the ridge produced by the projecting Wolffian body, is 
converted into a thick epithelium called the germ epithelium (see 
fig. 679). From this the reproductive gland (ovary or testis as 
the case may be) is developed. 

‘The manner in which the ovary is formed is described in out- 
line in Chapter LYII. (p. 802); the testis is formed in « similar 
way, only the downgrowths of cells which become nests of cells to 
form ova and Graafian follicles in the female, become hollowed 
out as seminiferous tubules in the male. 

For some time it is impossible to determine whether an 
ovary or testis will be developed ; gradually however the special 
characters belonging to one of them appear, and in either case 
the organ soon begins to assume a relatively lower position in 
the body; the ovaries are thus ultimately placed in the pelvis ; 
while towards the end of footal existence the testicles descend 
into the scrotum, the testicle entering the internal inguinal ring 
in the seventh month of footal life, and completing its descent 
through the inguinal canal and external ring into the scrotum by 
the end of the eighth month. A pouch of peritoneum, the 
processus vaginalis, precedes it in its descent, and ultimately forms 
the tunica vaginalis or serous membrane of the organ ; the com- 
munication between the tunica vaginalis and the cavity of the 
peritoneum is closed only a short time before birth. In its 
descent, the testicle or ovary of course retains the blood-vessels, 
nerves, and lymphatics, which were supplied to it while in the 
lumbar region, and which accompany it as it assumes a lower 
position in the body, Hence the explanation of the otherwise 
strange fact of the origin of these parts at so considerable a 
distance from the organ to which they are distributed, 

Descent of the Testicles into the Serotum.—The means by which 
the descent of the testicles into the scrotum ix effected are not 
fully and exactly known. It was formerly believed that a mem- 
branous and. partly muscular cond, called the qubernaculune testis, 
which extends while the testicle is yet high in the abdomen, from 
its lower part, through the abdominal wall (in the situation of 
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the inguinal canal) to the front of the pubes and lower part of 
the scrotum, was the agent by the contraction of which the 
descent was effected. It is now generally thought, however, that 
such is not the case, and that the descent of the testicle and 
ovary is rather the result of a general process of development in 
these and neighbouring parts, the tendency of which ix to pro- 
duce this change in the relative position of these organs. In 
other words, the descent is not the result of a mere mechanical 
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action, by which the organ is dragged down to a lower position, 
but rather one change out of many which attend the gradual 
development and rearrangement of these organs. 

The homologue, in the female, of the gubernaculum testis is a 
structure called the round ligament of the uterus, which extends 
through the inguinal canal, from the outer and upper part of 
the uterus to the subcutancons tissue in front of the symphysis 
pubis. 

At a very early stage of fectal life, the Wolffian ducts, ureters, 
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and Mallerian ducts, open into « receptacle formed by the lower 
end of the allantois, or rudimentary bladder ; and as this com- 
municates with the lower extremity of the intestine, there is for 
the time a common receptacle or efoaca for all these parts, which 
opens to the exterior of the body through a part 

with the future anus, an arrangement which is permanent in 
reptiles, birds, and some of the lower mammalian. In the human 
fotus, however, the intestinal portion of the cloaca is cut off 
from that which belongs to the urinary and generative organs ; a 
separate passage or canal to the exterior of the body, belonging 
to these parts, is called the sinus wro-genitalis, Subsequently, 
this canal is divided, by a process of division extending from 
before backwards or from above downwards, into a ‘pars urinaria’ 
and a ‘ pars genitalis.’ The former, continuous with the wrackus, 
is converted into the urinary bladder, 

‘The external parts of generation are at first the same in both 
sexes, 

The opening of the genito-urinary apparatus is, in both sexes, 
bounded by two folds of skin, whilst in front of it there ix 
formed a penis-like body surmounted by the glans, with a cleft or 
furrow along its under surface. The borders of the furrows 
diverge posteriorly, running at the sides of the genito- 
orifice internally to the cutaneous folds just mentioned. In the 
female, this body becoming retracted, forms the clitoris, and 
the margins of the furrow on its under surface are converted 
into the nymphe, or labi# minora, the labia majora pudenda 
being constituted by the great cutaneous folds. In the male 
foetus, the margins of the furrow at the under surface of the 
penis unite at about the fourteenth week, and form that part of 
the urethrs which is included in the penis, The large cutaneous 
folds form the scrotum, and later (in the eighth month of develop- 
ment), receive the testicles, which descend into them from the 
abdominal cavity. Sometimes the urethra is not closed, and the 
deformity called hypospadias then results. The appearance of 
hermaphroditism may, in these cases, be increased by the reten- 
tion of the testes within the abdomen. 

The eupra-renal capsules originate in a mass of mesoblast just 
above the kidneys ; soon after their first appearance they ere very 
much larger than the kidneys (see fig. 681), but by the more 
rapid growth of the latter this relation is soon reversed (see also 
P. 335). 
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Soret’s band, 434 
Sound, 





low communiouted 


‘conduction by ear, 722 


; Proton of 

mup, valu 

Spas of Fontana, 748 
Speaking, mechaniam of, 737 
ponies senses, 694 ¢ 409. 


2 at 
or age a 
‘centre, 
defocts Tonehe 738 (seo 678) 
Spermatoblaats, > 
Spermntogenio ce 











884 
SPERMATOROA. 


‘Spermatozoa, 797 
form and structure of, ib, 
Sphorical aberration, 765 
orrestion of 
Sphincter ani, 


illo, 746 
Sphyamographs, 268, 270 
tracings, 270 4 rey. 
Sphygmometnr, Hill and Barnard's, 295 
Sphygmoscope, Anderson Stuart's, 28¢ 
Spinal accessory nerve, 629 
funotions of, 630 
origin, 629 
Spinal ord, 6o4 
canal of, 60: 
contres In, 666 
columns of, 606 
commismures of, 605 
conduction of impressions by, 657 ¢t-seq. 
‘course of fibres in, 618 
development. of, 841 
fissures and furrows of, 605 
funetions of, 657 et eg. 
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grey mattor, 196, 606 
cells in, 607 
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membranes of, 603 
morbid irritability of, 66g 
nerves of, 611 
reflex action of, 659 ¢ seg. 
inhibition of, 6 
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fn man, 661 
superficial, 662 
regions of, 616 
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structure of, 604 ¢f seq. 
tencta, 606, 61%, 658 
ion of, 615 
190, 606 
tracts in, 608 
Spinal nerves, 169 
functions of roots of, 169 
origin of, 169 et sey 
physiology of, 169 
Spindle-shaped cells, 487 
Spirem, 18 
Spiromoter, 355 
planchnopleur, 811, 815 
Sploen, 322 
development, 854 
funotions, 324 
intluence of norvous syxtem upon, 325 
Malpighian corpuscles of, 323 
pulp, #. 
structure of, é, 
teabeculw of, 15, 
Spongioblasts, 750, 841 
Spongioplasn, 
Spot, germinal, 8o2 
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| Lies oo phenomenon, 124, 162, 257 (see 
188) 
Stannius’ experiment, 2! 
Btapedioa mancle, 716, 3 
development of, 
Stapos, 716 
development of, 829 
Geel 389 - 
tarvatio 
effect of a 
Steapain, 487 
Steatio acid, 39t 
tearin, 
Btereoblin’ Sot, 
Stethographs, 351 
Stewart's diet-tal 
experiments on 
blood, 265 
on the output of the heart, 246 
‘Stimulants as accessories to food, 466 
Stimuli, varieties of, 15, 109 
Stolnikow, measurement of the hewrt's 
output, 246 
Stomach, 44 
Mood-resele, 445 
development, 851 
digestion in, 489 
planes 443 
lymphntios, 444 
movements, 521 
influnnce of nervous system on, 524 
mucous membnine, 443 
muscular cont, 442 








nerves, 445 
peritoneal coat, 442 
wecretion of. See Gastric juine. 








shadow photographs of, 524 

submucous comt, 443 
structure, 452 

Stomata, 25 

Stratum granulosum, $71 
intermedium of Hasnover, 80 


Tueldum, $71 

Btrinted border. ast (ee 2739) 
Striated muscle, Wb et a0. See Muisate. 
Stroma, 415, 798 
Stromuhr, Tidwig's, 262 
Structure of calls,9 #f sag. 
Stuart's sphygmoseope, 
Submaxitlary gland of doge 476 








Submaxillary and eubtingnal glands, 
Substantin gelatinosa of Bol ils, Gone 
632, 634 
nigra, 638 


Subthalamie arms, 645 

‘Succus enterieus, 485, 490, 527 
functions of, 490 

Sucroses, 3 

Sugar. See Dextrose. 

Sulphates in urine, Sr 

Superior laryngeal’ nerre, effecte of 
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olivary nucleus, 636 
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function, voluntary, 128, 162 
structure, lon, 622, 845, 846 
Supranmine, Thalami 44 
‘Sustontaoular cells, 795 Theine, 4" 
‘Swallowing, 519 Theobroming, id. 
genre, $20 ‘Thoma-Zeiss ry 421, 422 
fluids, at ‘Thoracio dunt, Le 234 
‘engaged, 520 innervation of, 316 
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‘Twurine, 503 Tongue, 
‘acid, 4. ‘action in doglutition, 5t9 
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maintenance of, 65 a 

of Mammalia, bi 

regulation of, 


sensation of aration oly 703. Bee 


‘Tendon-reloxen, omy rs 

asphyxia, 378 
Tensor palati muscle, 723 ae 
tympani musele, 716 


structure, 793 #¢ an. 





7o> 
‘most sensitive to taste, 707, 708 


ion, 
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‘Tracts in the spinal cord, 606, 613, 658 
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Trowonxan Biastoornm, 


‘Trilaminar blastoderm, 807 
‘Trochlear nerve, 625 
origin of, 
‘Trommer’s test, 386 
‘Trophic nervos, 164 
influence of, 790 


eypan, notion of 488 


Teypwinden, 487 
lo of Rolando, 632 


Tabu seminiforl, 794 
uriniferi, 530 «¢ #¢9. 
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membrane of, 714 
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Umbilical arteries, 823, 833, 835 
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Unicellular sreanisms, 6 
Unilaminar blastoderm, 806 
Unipolar nerve cells, 192 
Unorgunised ferments, 404 
Urachus, 822 
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Urea, 549 
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Urina potus, 548 
Urinary apparatu 
Urinary bladder, ¢3 
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structure, 536 
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WSyarien wath bood-preemare, $39 
reaction of, 548 
in different animals, ib, 
made alkaline by diet, i, 
valine matter, 549 
solids, 54; 
npecifie Pity of, 548 
varintions of, #8. 
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Varina, development of, 860 

Vogus nerve. See Puoumogastrie. 

Vagus eee 358, ‘a 

Valves of heart, 209. ‘See Henrt. 
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Vas deferens, 794: 796 

‘Vasa efferentin of testicle, 794, 7 

Vasa vasorum, 215 
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jlaamic movement in, 13, 14 


1. 276 ot ag. 
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valves of, 216 ¢f neg. 
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‘capillaries, 264 
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of circulation, 4. 
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Ventral cerebellar tenet, 615 
Ventrioles of heart. See Heart. 
Ventricular dinstale, 232 
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Pincicin’ efit of, on jvmoalar/ sens 
traction, 125 
Vermicular movement of intestines, 


Yerba, development of, 834 
Voxical, germina 
Vesivulie seminales, 7 
ial fold of 1, 8 
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Vere ‘* ae oesomeur ed 
Vili in chorion, eee of, 82 
of intestines, 
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Visceral mesoblast, 811 
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Bey, 
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Voluntary musole, 85 ef sey. 
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Wooupniper’s Merson. 


Wooldridge’s method of proparing | 


watts tbrinogen, 400 
Worms, circulatory eater in, 229 
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Xantho-proteic reaction, 393 
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‘Yawning, mechanism of, 362 
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Yellow elastic fibre, 46 
fibro-cartilage, 56 
pot of Simmering, 748 772 
Yolk-sac, 813, 817, 818 et seq. 


* Yolk-spherules, Sor 
. Young-Helmholts theory, 777, 779 
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Zona pellucida, 801, 800 
Yomule of Zinn, 754 
Zuntz, output of the heart, 24 


* Zymogen, 473, 480 
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